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ABSTRACT 
The study area falls within the southeastern (around 
Mosaboni-Badia) and central (around Rakha-Tamapahar-Jaduguda) 
sectors of the 140 tan long arcuatc thrust belt, known as the 
Singhbhum Shear aone, Bihar State, locatod on the northeastern 
part of tho Indian Precambrlan Shield. 
The different rock types encountered in the study area are 
fcldspathic rocJt^  cl^lorite-quartz schist, biotite-quartz schist, 
massive quartzito, quartz schist, quartz-kyanite schist, Dhanjori 
volcanics and muscovite schist (occasionally garnetiferous). 
The general strike trend of the rocks in tho shear zone is from 
iMNW to SSE and they dip at moderate angles towards north-east. 
Tiio formation of various planer end linear structures of the 
rocks are coeval with the tectonic evolution of the area. 
Peldspathic rock and chlorite-quartz schist are the chief 
host cocks of the sulphide ores in the two sectors. The sulphide 
ores usually occur alorjg the closely spaced S^ and S^ planes 
of the abov'j host rocks. 
The sulphide ores are of three tyoes, viz., i) massive, 
ii) braided, and iii) disseminated. The following ore minerals 
have been identified in the sulphide orest 
Major » Chalcopyrite, pyrite and pyrrhotlte. 
Minor J Sphalerite, magnetite (llmenite), chalcocite, 
covellite, bomita, molybdenite, millerite, 
galena, tellurbismuth and tetradymite. 
Exsolved J Cubanite, valeriite, marcasits, pentlandite 
and violarite. 
The paragenetic sequence of the primary and secondary ore minorals 
has been determined. 
The replacement, annealing and deformation textures indicate 
that the ores were subjected to dynamothermal and dynamic 
metamorphism while the exsolwtion texture is referable to 
retrogressive metamorphism. The nature of primary and soma 
exsolved ore minerals indicate that the tanperature of the 
formation of the ores ranged from 200®C to 450°C. 
Kost of the oxicie constituents of the host rocks show 
orderly variation in their concentrations with respect to the 
location of the sulphide lodes. Tor example, in feldspathic 
rock, PeO, MgO, iMagO and also KgO increase and TiOg decreases 
towards the lodes. In chlorite-quarte. schist, total iron, TiOg* 
MgO, CaO and marginally NagO, HnO and p2®5 increase towards 
the lode. 
Since the average concentrations of FeO, rigO, CaO, NajO 
and K2O in Dhanjori volcanics, biotite schist and chlorite-
biotite schist are more or less similar, a closer geochemical 
relation among the three rock types is envisaged. 
The host rocks have suffered alteration due to chlorltlza-
tion# blotitlzation, serialtization and to some extent slllcl-
ficatlon# though the alteration zones are not so orderly 
developed as usually found In hydrothermally alterod rocks. 
Study of trace elements like Cu, Pb, Zn, Co, Nl, Rb and 
sr in feldspathic rock* chlorite-quartz schist, biotite schist, 
chLorite-biottte schist and biotlte-quartz schist indicates 
that the abundances and variation ranges of the elements are 
different in different rocks. 
Traces of Cu and Zn in the feldspathic rock increase 
tdvjards the lode,. Similarly, Hi in chlorite-quarts schist 
increases tovrards the lode. Generally, the host rocks have 
higher concentrations of Cu, Co and Hi than in some v7ell-knovni 
acidic, granitic,metasedimentary or palltic rocks. 
Generally, the concentrations of Cu and Sr are lox/er and 
those of i^ n, Co and Ml, higher in Dhanjori volcanics than in 
the average basaltic rocks. 
Abundances of Cu, E'e, Ni, Co, Zn, Pb, Rb, Sr, t4n and Ti 
in about 27 ore samples collected from both the sectors are 
quantitatively detencvined. Generally Cu, Fe, Ni, Co and Zn 
in the ores of Mosaboni are higaer than in those of Tamapahar, 
The distribution trends of Co, Hi, Mn and Ti in the 
separated mineral fractions of the ores, viz., chalcopyrite, 
pyrite and pyrrhotite have also been studied and certain 
observations have been made with regard to Co, Ni* Mn, and Ti 
in chalcopyrite, pyrite and pyrrhotite of Mosaboni and Tamapahar. 
The Coji^ i ratios in chalcopyrites of Mosaboni and Tamapahar are 
lower than those recorded in chalcopyrites associated with 
hydrothcrmal ore deposits. On the other hand, CosNi ratios in 
pyrrhotites, associated vjith the ores of the two sectors, are 
higher than those found in pyrrhotites of hydrothermal origin. 
Also, the ratios of the two elements in pyrites of the study 
area are appreciably higher than those of hydrothermal or 
sedimentary pyrite deposits. However, the range of average 
CotWi ratios in pyrites indicates that the latter originated 
as a result of mobilization. 
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Chapter I 
IIWRODUCTIOIJ 
Location and Accessibility 
Tho tjoll-knowa Singhbhiain ohoor sono of tho Indian Geology 
covoro a coasidorablo area In the oasteni part of tho Singlibhun 
district, Dihar State, Tho cone falls in the north-oastom 
part of the Indian Precarabrian Shield, and occuro in the form 
of a 160 Ian long arcuate and narrm-? bolt, tjliich io fa.-nouD in 
India for ita largo deposito of copper and uraniura and popularly 
Icnovra as Singhbhusn coppor belt (Fig. 1), 'ATIO study area includes 
txTo sectore, via., the southeastern sector (A) and tho central 
sector (D) of tho Copper bolt. S.'he belt extends approsdmately 
from Durapuram (lat. 22°46' : long, 85^34•> on the northwest of 
Bharagora (lat. 22°18' s long. B3°34') on tlie southeast and 
comprises several copper mining localities. The present 
investigation was restricted to the copper deposits of 
Mosaboni (lat. 22°31' : long.86°28'), Badia (lat. 22°29' 8 
long. a6°29'>, Moinajharia (lat. 22°28' : long.a6°29') and 
Tainapahar (lat. 22°38' : long. S6°21'), v/hich constitutes a 
section of Ualcha mine (lat. 22°38' s long. 86°22'). All the 
above localities are included in half-inch Svxvey of India 
toposheet nos. 73 J/11 and 73 J/6. 
Mosabonl, Badia, Ralcha, Tamapahar and Jaduguda v^ hlch are 
located on the east of Tatanagar, a well-knovm steel city of the 
country* are easily accessible from Tatanagar by notorable roads. 
The Tatanagar-Hovrrah section of the South~iiastarn Railv;ay passes 
through the eastern part of the southeastern and central sectors, 
although these places are not directly connected by railway. 
Ghatsila, the nearest railway station is 15 Ion av;ay frcxn the 
Mosaboni mines whereas Ralcha including the adjacent Tamapahar and 
Jaduguda is 6 km away from its nearest railway station, Rakha 
mines. 
Physiography 
The area covering the southeastern and the central sectors 
of the Singlibhum shear zone is occupied partly by low lands and 
partly by hilly range of moderate height. Vhe highest elevation 
in the central sector reaches upto 550 metres above m.s.l. where 
the quartzite ridges make up the prominent hill features. The 
low lands including the valley floors in the area are occupied 
by either mica-schists or b/ shear zone rocks. The main drainage 
of the area is represented by the Subanarekha river. It enters 
the mining district through the northern hill tract, then 
meanders over the north-eastern part of the mica schist 
plain. Sankh nadi is the only tributary of the Stibamarekha 
rivor which cuts across the southeastern sector. There are also 
two minor streams which aro called nala in Hindi, viz,# Sindur-
gora nala in the contral sector and Dadia nala in the south-
eastern sector. They arn mostly fed by mine v;aste water and 
occasional rainwater during the rainy season. Among the forest 
trees Sal (Shorea robusta) is predominant. It gcxierally groifs 
on the liill and their slopoo. Tho area is also covored with some 
scattered burhoo and shrubs. 
Climate 
May and Juno are t^e hottest montlie tjhon the maidnnra day 
tcmjporaturo goes up to 42°C in the region, 2n the cooler months 
of Decoiiiber and Januazry, the minimum temperature recorded is 
The region receives intermittent rain du3 to tlis north-
eastern monsoon of Bengal frcan July to Septeinber. 
History of Mining 
The evidence of mining activity ia the Singhbhum shear zsone 
is known from the discovery of a copper coin of Kushan period 
as far bade as 440 A.D, in one of the pits in \akha mine. The 
presence of old vjorlcings and slag heaps along this belt led to 
the rediscovery of copper during the middle of the last century. 
4 
The modern copper raining in Singhbhura x-zas first Initiated in 
1883 by Singhbhxara Copper Company though the mining operation 
was not regular. In 1905, Geological Siirvey of India had 
undortaJcon boring of the Ralcha and riosaboni area and subsecxuently 
Capo Copper Company came forward in 1908 to carry out raining 
activity and continued it till 1922. Thus, the history of 
copper mining in this bolt from the middle of the last; 
century till the end of 1922 had been a story of adventure, 
Hotjover^  Cordoba Copper Cor^any in 1924 pxirchaoed the mining 
rights from Capo Copper Company and found excellent deposits 
of copper upto a depth of 150 metres at Mosaboni mines. The 
company was then reconstituted and renamed as Indian Copper 
Corporation Ltd. (I.C.C.) and started extracting copper. Dy the 
end of 1927, the I.C.C. began mining operation at Uadia and 
Dhobani besides l^ osaboni and also toolc up some of the nearby 
areas liho Pathergora, Surda and Kendadih for OKploration. 
Detailed exploratory drilling in Ralcha-Tamapahar section which 
began irs 1962, was completed in 1965 and since then regular 
mining operation is in progress in the area. The Indian 
Copper Corporation t^ as nationalized on 10th March, 1977, and 
became one of the units functioning under Hindustan Copper 
Limited (H.C.L.). It was subsequently renamed as 'Indian 
Copper Complex'. At present the Complex is concerned with 
mining operation in the following areas, v/hich are included in 
the Mosaboni group of mines: 
I. Mosaboni 
ii. Ralcha 
iii. Pathergora 
iv. Surda 
V, Kondadih 
Oro rosorvos 
Tho coppor deposits hav3 boon fouaid to continuo bolo:/ the 
30 th lovGl in riosaljoni niinoo« Tho total rosorvoo of tho oroo 
up to tho 30th level of Wosabonl (Including DQCUQ vxi-.io) 
ootimatcd at 17«06 million tonnos uith on average coppor content 
1,73 The tentative ronorveo of Ralcha ndnoo upto a dopth of 
600 mstroo uoro eotimated at 28,9 million tonneo xdLtli on average 
coppor contont of 1,53 In Tamapahar, tho rsoorvoc up to a 
depth of 186 meters are estimated to bo about <5.4 million tonnos 
xd.tli an average coppor content of 1.0 %, 
Previous work 
Most of the earlier studies on the geology of Singhbhum 
were carried out by the officers of Geological Survey of India 
in course of their investigation for the copper deposits in the 
Singhbhum shear zone. In the last century, Stoehr, E. (1870) 
reported about the occurrences of copper along the shear zone 
and briefly discussed the source and origin of copper. He 
suggested that the groon stone (metabasic rocks) was probably 
the source of copper mineralization v/hile studying the geology 
of tho area, Dall# V, (1870) suggested that copper was 
mochanically or chemically deposited contanporaneously with 
tho original sediments rosiilting in the segregation of copper 
along fractures and openings in the cotintry rocks. Fermor, L,L, 
(1919) regarded the majority of tho ini.neral veino in tho area 
as belonging to the granite phaco of igneous activity. Itlie 
first attempt to classify tho rocku of tlio shear r.nnQ 
systcmctically vmu made by Jones, H.C, (1922)« Among the 
earlier workers, Dunn, J.A. (1929) suggested thc.t tho coj^or 
veins wore formed by thp hydrot^ormal solutions emanating from 
tho residual phase of tho Singhbhum granite* Later, ttann 
(1937) gave a detailed accoimt of coppor sulphide raineraliaation 
and identified majority of the sulphlue minerals. He also 
abondoned his earlier idea regarding the source of the eulpliido 
minerals and suggested an epigenotic hydrother.tial node! in 
which laineralizing solutions were derived from a soda rich magma 
that consolidated into albite granite (soda granite), He also 
stated that these liqtiids were later split into taro ore bearing 
fluids — an earlier oxide fraction frcwn vrhich the apatite-
magnetite veins tirere formed and a later sulphide fraction fraa 
which tho copper sulphide veins tfere formed. The investigation 
carried out in the Singhbhum region by Dunn and Dey, A.K. (1942) 
was supposed to be one of the most gyatematic and comprehensive. 
Tho regional geological map prepared by them provided an important 
frame trark for all later investigators• They tried to present 
the lithology of the major Precambrian rock imits and deal with 
the regional stratigraphy, tectonics and petrology in addition 
to the geneois of the sulphide ores of this region. Besides, 
investigating the genesis of the copper ores, naha, K» (1962, 
1963a, 1965) studied tho structures and metamorphism of the 
eastern Singlibh\ara and suggested that tho index minerals formed 
during this notamorphism indicated a progressive series and the 
metamorphism t?as broadly coeval with the folding movements and 
predated tho shearing movement trhich Initiated tho rotrogreosive 
metamorphism. Ho also advocated that "thermal disturbance in 
the upper part of the mantle during tho folding of the geosyn-
clinal prism" might be the source of heat for regional mota-
morphism in Singhbhum* 
In recent years, on the basis of Co, Hi values obtained 
from pyrite Sarkar, S.C. (1966a) suggested a magmatogenic 
hydrothermal source of the ore solution. Ftirther, he (op.cit,, 
1966b) suggested that much of the soda granitic rocks in the 
shear zone were not magmatic in the usual sense and the ore 
bearing hydrotherms came from an obscure source belovr. Mukherji, 
B. (1968) emphasized the probability of genetic relation 
between the soda granite and sulphide mineralization in tho 
shear zone on the basis of their studies on certain trace 
elements like S, Cu, Ni and Co, which are common in both. 
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Based/their observation on tlio geological and geocheralcal 
investigation* Bhattacharjee, et al., (1968) supported 
the idea of hydrothermal origin of tho copper ore. Acharyya, 
S.K. (1968) suggested that tho hydrothermal solution, which 
uas produced during tho granitlsation of the country iroclcs, 
was responsible for sulphide ninoralisation after granttissation, 
Talapatra, A.K. (1968) suggested o close aseociation o2 raigma-
tioation (feldspathisation) and sulphide rnineralisation and 
stated that a considerable amount of copper might have boon 
added to tho mlginatitlc solution xrhen it moved up through tho 
country rocks, as tho highly sodic mignsatitic solutions probably 
did not have sufficioit copper to give rise to the eastensivo 
copper deposits along the entire shear Eoae. i'urtlier, ho added 
that copper along \7itli sudi olanents as Co, ai, V were probably 
added to tlio mlgmatitic solution In addition to tliose it already 
had, by mobilisation of those olouieiits originally present in 
the country rocks (mostly in schists and epidiorite) and that 
the mobiliasation of these elements was favoured by the prevail-
ing temx)erature gradients t'^ ithin the shear zone. Schenellnan, 
G.A.(1968) in his short comment stated that the ore bodies in 
the shear zone are 'stratabound'. Sarkar, et al. (1971) 
considered the deposit to be of exhalative-volcanogenic layered4^ 
type and suggested that tho copper sulphide deposits originated 
as a result of their concentration within tho volcanic xrocks 
of the shear zone and were thereafter simply metamorphosed 
with little or no migration or later concontration. Ghosh, A.K. 
(1972)# after examining some of the trace elemento data of a 
part of tho copper bolt suggosted that the ores tfore formed by 
tho diffusion of ore elements from tho coimtry rocXs into tho 
structural trap of tho shoar zone and that there was an initial 
mobilination of tho elements that might have taken place 
dxiring tho early periods of regional motamorphism and attendant 
defornuition. Further, ho stated that mobilisation of the ores 
constituents could only take placo during intense shearing. 
Danerji, A.K. (1962, 1974) suggested t^ iat tho oro doposito in 
tho shoar cono originated as a result of their nobilisation 
from tho pre-oxisting volcanogonic rocks of the sone by 
albite-rich raetasomatic fluids that pomeatod through tlie 
country rocks and transformed them partly into albito-schists 
and gneisses. According to him, the fluids that j^ ecame enriched 
V 
in son<3 of th:: basic elements like Fe, Mg, Ca, Co, Hi, Gr, V, 
Mn and Ti and vfater x-rere responsible for the alteratioii of tho 
coTintry rocks into different zones of biotitization, chlori-
tisation, and sericitization. While ccmroenting on the visits 
regarding the origin of the copper deposits expressed by other 
workers, Banerji (1981) stated that the copper deposits of the 
belt could not be categorically ascribed either to epigenetic 
hydrotherraal or syngenetic raetamorphic process. However, he 
admitted that the genetic history of these deposits is complex 
and suggested that the deposits ware derived from some syngenetic 
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volcanic rock by the t^ ay of concentration through tectonic, gra-
nitic aijd motas<»natiG processss that are supposed to be indicative 
of thoir ©pigenstic hydrothermal rolatioaship with the country 
rocks. In the light of above consideration, he expressed that 
the deposits uiight be regarded as rcmobilination syngenotic. 
Purpose of work 
The present investigation has been planned after reviewing 
carefully the previous work and cortain existing problems of the 
copper deposits in the Singhbhum shear sons, attempt has been 
mads by the present author to study the lithostratigraphy, petro-
graphy and geochemistry of the host rocks of copper in the shear 
EciiQ and also tlio essociated Dhanjori volcanics. The purpose of the 
present work is alr.o to investigate in sorae detail the mode of 
occurrence, mineralogy and geochemistry of the sulphide ores of 
the study area and suggest their probable source and origin. 
Methods and presentation of the work 
I. Field investigations 
Investigations were carried out broadly on the following 
lines: 
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1• GQOloqlcal mapping 
Tho field investigation which included tho cons^nictioa-^ 
J of geological map was^  conducted in the ti?© sectors of the stady 
area, via., Mosaboni-Badia-Moinajharia and Ralcha-Tamapahar-
JadugudQ covering about sovon sq. Jan and five eq, Sou on a scale 
1« 16660 and 1« 12500 respectively. Tho lainor etructuros such as 
joints, puckering slickensideo and pebble elongation uore 
recorded in details and the contacts of the different litho-
units \?ero plotted carefully. 
2. Collection of surface rock samples 
A survey of various outcropping rock types of tlie study 
area was conducted^ ^ everal traverses xmso taken to collcct 
the desired sac^les along as tfoll as across the general strike 
of the different litho-units encountered, toout 230 relatively 
fresh and unweathered samples of rocks were collected systema-
tically on a grid except in the southeastern sector -j/here they were 
collected randcmly due to scarcity of fresh rock es^sures. 
3. Collection of underground samples 
About 150 ore samples were collected from the cross-cuts, 
winzes, raises and levels of the 23rd, 24th, 25th and 26th of 
Mosaboni mines and from tiie 3rd level of Tamapahar section of 
Rakha mine at ^  certain measxared distances. Following the 
same procedure, about 160 samples of the host rock were also 
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collected from the underground workings of the tv^ o sectors. The 
mineralized portions of the host rock were avoided as far as 
possible. 
II • Laboratozry investigations 
1. Petrographic and roineraqraphic studies 
Petrographic and mineragraphic studios of the thin section 
of rocks and polished blocks were carriod out undor transmitted 
and refloctod lighl^ respectively, 
2. Chemical analysis 
Systematic analysis of rock and ore samples for the deter-
mination of major and minor O2d.doo and the trace olGmento were 
determined by the Atomic Absorption Spcctrophotomoter. 
Analytical procedure 
On the basis of thin section study* a total ntirabor of 70 
rock samples were finally selected for cheraical analysis. For 
the determination of major and minor oxides and some trace 
elements, 26 samples of feldspathic rock, 113 of chlorito-quartz 
schist, five each from chlorito-biotite and biotite-quartz 
schists, four of biotite schist and 15 of Dhanjori volcanics 
were selected (Pigs, 2 and 3). Out of eighty-five fairly 
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onriched mineralisod oro sanploo, 23 samples (20 frora north-
Badia section of Mosaboni mines and 8 from Haklia«'i?amapahar 
section of Rakha mine) ware analysed for their trace oloiieat 
detorminati on, 
Rock samples having small veins of quarta, magnetite and 
tourmaline iiore, hmfovor, rejected. The eelected ceis^eo of 
rock and oro have been crushed and ground in autoraatic grinder 
to. -200 mosh si so and s-^ nall quantities of each sanplewere talten 
after conning and quartering for chaaical analysis«• The pojfder 
x^ as dried in the oven at iOO®C in order to eliminate the 
hygroscopic noioture for doterraining the major and minor osdLdos, 
a slightly modified procedure of analysis, suggested by 
Ghapiro,L. end urannock, lUlU (1962) has been follotfed. 
SIO2 ® Dotemined by molybdenucra blue method, 
AlgO-: Detcmined by calcium aluininima all sarin red-S complex method. 
FO2O3S Determined on the orange colour developed xrith Orthophenamthroline, 
Ti02 i Determine on a yellow coloiir produced vrith Tiron, 
MnO : Determined on the pink colour of permanganate complex developed by oxidation with potassitim peridate• 
PJ^S * Determined by yellow molybdovanadophosphoric (vanadomolybdate) acid con^lex. 
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All thG above mentioned oxides were determined at different 
wave lengths on the UV-f^ectrophotoraetor (Hungarian Model s 
Spectromon 202) . CaO and MgO were determined by titration 
with disodiumethylene-diamine tctra-accetato (EDT/ii) . FeO 
t'/as determined by titration trith a standard dichrcaata solution 
using diphenylamine sulfonic acid as the indicator. 
WagO and KgO were determined by A t m ^ ^asorption Spectro-
photometer. Loss of Ignition (LOI) of tho samples was deter-
mined by the heating of sample powder in a glass tube at about 
800*^ 0. 
The solution for the determination of trace of Ox, Ni, Pb, 
Zn* Co, Cr, Rb, Sr was prepared by dissolving tvjo grams of rock 
sample poi^ der in 20 ml Itl Hl^ rO^  and diluting it to 100 ml with 
distilled vjater, traco olaaonts were detoixiinod using 
Atomic Abeorption Spectrophotometer (nodol s Varian AA-6, D)• 
Preparation of solution of ores 
Some importf^nt el€Jinentr, of the sulphide ore samples, viz.« 
Cu# Pb# ^-n, Co, Cr, Rb# Er, 'i'i, xmre also determined 
by using Atcanic Absorption Spectrophotometer (ModelsVarian 
D) by tho procedure suggesusd by Vterd, P.::. et al» 
(1969) and Angino, E.E, and Billings, G.K. (1967) whereas 
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total iron Pe was ©stiraated colorimetrically by IJV-spectro-
photomotery. OJha solution was proparad by taking on© gram of 
n 
sarnplo povfder in a platinum crucible addi^ It with five ml 
of perchloric acid and 20 ml hydroflourlc acid in addition to 
a fow drops of distilled water. It was kept on a hot plate 
at loi'J tcsnperaturo for slow evaporation for at loast SIK hours. 
®hon it was roiaoved firom tlio hot plate and allou-^ d to cool. 
Ttfo ml of perchloric acid and five to eight ml of hydroflourlc 
acid vrore added again. 
She crucible vras again kept on the hot plate at moderate 
temperature for about four hours and cooled, E'ive ml of 
porcliloric acid irao added end heated till perchloric acid 
ftimoo t7cro completely removed. The solution was filtered and 
diatllled water t/as added to mclce it 100 ml in a volutuetric 
flask. P^ho eleriGnto (specially copper), which are nrtasont in 
abnormally higher concentration wore detenainod after diluting 
the Bolutlon to 20, 30, 50 times of the prepared solutions. 
From 21 ore samples, pyrite, pyrrhotite and chalcopyrite 
xfere separated by using the Franz~Isodynaraic Magnetic Separator, 
Following the same procedure mentioned earlier the trace 
elements vrere determined using Atomic Absorption Spectrophoto-
meter. 
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Presentation of the results 
After the chemical analyses, the data were fed to I.B.M. 
Computor (E O . V A X D I G I T A L 170) for calculation of the ©loment 
ratio of petrogenetic significance, correlation coefficient 
betuoen major, minor and traco clcirients and also the mean 
valu2s» 'rhe element analyses, normative compositions and other 
petrochemical calculations are presented in different tables. 
All the available data were standardized against U . S . G . S . 
standard; BCR-l, w-1 and SY-l. To avoid any error in the 
determinations double and triple runs i^ ere made taking different 
samples from the same specimen povxders. Rock standard was also 
analysed to check the probable error. The relevant details of 
accuracy, precision and lov;er detection limit of elements for the 
rock and the ore samples are given in tables 1, 2 and 3. 
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Chapter II 
GEOIiOCISf m n LITHO-STRATIGRAPHy 
General statement 
In the study orea^that covers parts of the southeastern 
as well as central sectors of the Slnghbhum shear aoae (Slngh-
bhum copper belt)* a nuiriber of different Precambrlan lithlc 
units were encountered. The rocks of tho ttjo thrust slices of 
the area (long. 86^0* - long. 8 6 ® 3 0 ' ) , that are closely 
jxiKtaposed along tho sone are composed of muscovite-biotito 
schist, chlorite schist and a fei? in^ersistant bands of 
quart£5lt<3s (often t-7ith magnotite) • 5?he structural pattern of 
tho area appears complex: due to the deformation of the rocks 
in response to different erogenic phases (Sarkar, and 
Saha, AJC., 1962; Naha, 1965; Banerji, 1959, 1962, 1964, 
1975) followed by intense shearing. Subsequently, they have 
been affected by soda metasanatism, biotitization, chloritiza-
tion, sericitization and silicification. 
The main copper bearing rocks (via., feldspathic rock and 
chlorite-quartz schist) and their sub-units are overlain by 
psaramo-pelitic rocks represented by quartz-kyanite schist and 
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rauscovite schist occupying the eastern part of the region. The 
younger Dhanjori voXcanics cover a large tract on the western 
portions of southeastern and central scctors. 
1• Regional Geology 
The Precambrian rodts of Qinghbhum shear sone are well 
knoim for their con^lex stratigraphy and tectonic setun. 
The rocks are classified into an older Chaibaoa stage and 
younger Iron ore stage. The former occuro typically north of 
the shear sone and the latter# on the south. The original 
composition and structural fabric of the shear none rocks have 
not ali^ ays been retained, but were altered or superixnposed 
raainly due to raetaraorphiaii, tlirusting and deformation td.thin 
the time periodt 2000 M.Y.-850 M.Y. The rocks on either side 
of the zone were also affected during the same period. After 
a review of tlie availalDle literature, an attempt has been made 
to present a brief account of the regional geology ^th 
particular reference to the different tectonic episodes in the 
eastern part of the Singhbhum district. 
Geological description 
A resume of the relevant information peirtaining to 
stratigraphy and tectonics from parts of this region, based on 
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available K-Ar* Rb-Sr and Pb isotopic age data (Sarkar and 
Saha, 1962, 1963, 1966, 1977; Sarkar, Saha and Miller, J^A,, 
1967, 1969/ Sarlcar, Saha, Boelrijik,U.A.l.lU and Habeda, E,H., 
1979) indicated that there were three orog«nic cycles tirith 
closing dates at 3200, 2950 and 850 II^ Y, respectively• 
Earlier, Dunn end Dey (1942) regarded the Singhbhiam shear 
aono as a son© of overthrusting along uhich older roclco from 
tho north trere thrust over the younger zrodis of the south and 
©Impressed that the son© marked tho interface bats^ yeen tlia younger 
Iron Ore Scries in the south and tho older Chaibasa stage in 
the north, Later on, Sarlsar and Saha (1962, 1977) and Danerji 
(1969, 1975) stated that the roclcs of the area tjcre formed in 
tsi^o distinct and ifidely separated periodc, tho younger Protero-
soic rocks of tho north tforo juxtaposed against tho older 
Archaean rocks of the south. According to Sarkar and Saha 
(1962, 1977), the shear zone, being a major tectonic element, 
extended deep into the mantle and served as a channelway for 
the extensive deposits of basemetals and radioactive minerals 
characteristics of such deep faults (cf. Wilson, 1954)• 
The view expressed by Sarkar and Saha (1977) regardl^ ng the 
disposition of rocks of the Iron Ore Group and Chaibasa 
Formation along with the basement rocks (Older Metamorphic) 
on the basis of their geochronological succession and correla-
tion in Singhbhum and its adjoining districts is presented 
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precisely in table 4. According to Banerjl (1969« 1975# 1980, 
1981) the shear zone was considered to be a primary zone of 
deep-seated fracture and volcanic activity. Later on* this 
zone served as tlie centre of shearing as the rocks of northern 
mobile belt were deformed, metamorphosed and progressively 
thrust southward against the Archaean platform. He also stated 
that basic lava and volcanoclastic materials erupting through 
the fracture zone contributed a considerable volume of material 
that accumulated in the shallow miogoosynclinal basin formed on 
the innerside of the fradture sono in t/hich the Iron Ore 
Supergroup of roclcs wore deposited wiicroas on the outerside in 
the deeper ougeosynclinal baoin# the Singhbhum Cupergroup of 
roclcs ifore accummulatod. Subsequent^ ^ tije_geoclironologlcal 
data from the region (Sarlcar et al«# 1969) indicates that these 
rocks have been affected by four deformational stages around 
2000, 1550, 1100 and 850 lUY. ago respectively (Bonerji, 1975), 
The more recent study by Banerji (1980) gives a comprehensive 
idea about the status of the shear zone (Table 5), 
II. Stratigraphic set-up 
The general stratigraphic succession of Singhbhum v/as 
first suggested by Dunn and Day (1942) • Later, Sarkar and 
Saha (1962) modified the stratigraphic succession according 
to the geochronological data made available to than on erogenic 
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episodes in the area. They are presented as followst 
Table 6 
Dunn and Dey (1942) 
Soda granite,granophyres,etc, 
Singhbhum granite 
Dhanjori rocks and Dalraa lavas 
Iron Ore ($ron Ore Stago Qorioo (Chaibasa stage 
Sarkar and Saha (1962) 
Soda granite, granophyres, etc, 
Singhbhum Orocrenv (900 M.Y.) 
Dhanjori rocks and Dalraa lavas 
Singhbhxam Scries 
(Mainly the Chaibasa Stago of Dunn and Dey) 
Unconformity 
Singhbhrati granite 
Iron Ore Orogeny (2000 M»Y.) 
Iron Ore Series 
(Unconformity) 
Older raetamorphico (3200 n,y.) 
Furtiier, Garkar €vnd Oaha (1966) suitcncurized the geochrono-
logical events of "t^ e region, as' fellowss 
Table 7 
End of Singhbhxim OrogGny 
SodagranltQ, feldspabhiaed gnaiss 
Dhanjori volcanics and associated schists 
Quartzite-coagloraerate anl associated pelitic schists 
Metasediraentary (and metavolcanic) rocks of the shearaone and those enclosing it. 
End of Iron Ore Orogeny 
Singhbhum granite 
Older Formations 
Approx. 900 M.Y. 
) 
) Dhanjori Formation ) 1600 - 1700 M . Y . 
) 
Approx. 2000 M.Y. 
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XZZ• Lithology 
Southeastojcn Sector 
In the southeastern sector the following is the sequence of 
lithic units which have been identified and mapped (Pig. 2)s 
Dhanjori volcanics (youngest) 
Biotite schist 
Feldspathic rock 
Quartz-kyanite schist 
Muscovite schist* occasionally garnetiferous (oldest) 
Dhanjori volcanics - The greenish grey Dhanjori volcanics occupy 
a vast area on the western portion of the southeastern and 
central sectors respectively. The thickness of the rock in 
the area generally varies from 60 to 120 metres and the general 
strike trend is NMW-SSE, and the dip is directed tov/ards 
northeast. Stratigraphically and geochronologically, the 
Dhanjori volcanics is niuch younger than all the rocks composing 
the shear zone. On the basis of their lithology* the volcanics 
can broadly be divided into two distinct t3iTjes* viz., (i) massive 
and amygdaloidal and (ii) schistose with deformed amygdules. 
The schistose variety v/ith elliptical amygdules of predominantly 
quartz and a little amount of zeolite, occurs generally east of 
Badia village (Mosaboni area) in close proximity to the shear 
zone. The massive type that occurs northwest of Mosaboni mine 
was found beyond the shear zone. In the volcanic rock which was 
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encotintered in the southwest portion of the central sector, 
the schistosity is fairly well developed but the rock gradually 
beccanes massive as it is followed towards the west avmy from 
the shear ssono. 
Diotito schist - Tho biotite schist occurs in between the 
Dhanjori volcanics and feldspathic rock. It occ\irs as a narroi»j 
band of greenish yellow colo\ired rock, tlio outcrop t?ldth of 
vjhich ranges from 20 to 30 metres, Tho rock shows gradational 
contact with the Dhanjori volcanics and bcconiaS increasingly 
green in colour duo to the increasing amounts of chlorite near 
tho volcanics. The rock, however, does not shot'/ any 
gradational contact iJith the foldspathic rock anyrahere in the 
area. This lithic unit is trace«iblo all along in tho study 
area 
Feldspathlc rock - Tho feldspathic rock is typically Icucocratic 
and happens to be the chief host rock of copper in tho soutii-
eastem sector. It crops out in the form of linear bands 
striking parallel to the NNW-SSE regional trend and is usually 
restricted to the shearzone. The average width of outC3?pp 
ranges fran 500 to 900 metres. All the gradations of feldspathic 
rock from schistose to gneissose and granitic varieties could 
be seen occurring in the copper mining district of Mosaboni in 
the form of small and patchy outcrops, extending for a strike 
length of about 7 km up to Moinajharia village. The outcrops of 
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the feldspathic rock generally appear discontinuous because 
of occasional soil cover. The rock lias gradational contact v/ith 
muscovito schist on tts ©astern side iijtiere there are also a few 
sporadic occurrencos of bemds of quarts-kyanite schist which 
have been recorded ifithin the margin of feldspathic rock and 
lauscovite schist. On the western side^the feldspathic rock 
lies in contact with a narrow outcrop of biotite schist. 
Quartg^kyonite schist - This rock \mit is ccKnmon in both the 
sectors and v/ao recorded from the eastern sides of the south-
eastern and central sectors. It shoiirs bluish i-ihite colour %fhon 
the proportion of kyanite is appreciably higl^  as obsorvod on 
the southeastern sector* whereas in the central eoctor Icyanitc 
occurs in small pockets on the top of biotite schist. 
Itosccyvite schist (occasional, presqnco of garnet) - The imiscovite 
schist is puckered aiid exhibits silky lusture and yellowish 
bro;«i coloiar. The general strike trend of the rock is miT-SB 
with a northeasterly dip. Porphyroblasts of garnet in the 
rock are conspicuoaa in the \/estem side of Moinajharia village 
of southeastern sector but in the central sector* garnets are 
lincoiutnon. Thin impersistant bands of ultrabasic rocks are 
associated with the rock. 
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IV. Lithology 
Central Sector 
In this sector, the following sequence of lithological 
tults have been distinguished and mapped (Fig. 3}# besides 
inuscovlto schist* quartz-Xyanito schist and Dhanjori volcanics 
tfl-hich aro commonly encountered in both the sectors and 
described earliers 
Dhanjori volcanics (youngest) Chlorite-biotite schist Quartzite (massive) Chlorito-quarts schist Biotite-quartz schist (Mylonite) Quart?5-kyanito schist Quartz schist Muscovite schist, occasionally gametifsrous (oldest) 
Chlorite-blotite schist - The chlorite-biotite schist appears 
more or less dark brown colour* It is traceable all along the 
northern and eastern fringes of Dhanjori volcanics and soraetimes 
shows yj-aaational contact with the volcanics but fairly sharp 
with the chlorite-guartz schist. The rock unit has a N«w-S3E 
strike and northeasterly dip. 
Quartzite (n\a.sslve) and quartz schist r.ocks in the central 
sector are flanked by two bands of quartzites, one on tlio 
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hanging wall and the other on footwall sides of the shear 
zone. Both bands are raineralogically much similar but their 
development of schlstoslty and grain size differ. The quartzite 
on the hanging wall is more conspicuous by the development of 
schlstoslty^ " and thus can be termed as quarts-schist whilo that 
occurring oa tho f o o t w a l l has vary little or no schiotosicy 
and appears maosivo quartaito, 2ho roc3c follows the gsncral 
strilco trend like other associated lithoxinits ond their 
general dip is nortli-easterly. Botli of tliem aro coarso 
grainod, highly fractured and jointed, 'iliQir t l i idaiooo varies 
from 10 to 15 raotres. 
Chlorito'-cmarta schist 
Tlis chloritc-quarts schist is grcGnish-broim in colour. 
The outcrop of tlio rocli is miiforra in vjidth and occurs botvraen 
the biotite-quartK schist an tlie north and chlorite-biotite 
schist oa the south. This lithounit serves as tho host roch of 
copper as a l s o of uranium at JadugiJda located adjaccnt to 
Tamapahar. It is a well-foliated rock striking Njf<iw-SSE and 
dipping towards northeast. The rcjck i» irjtiai«it.eiy associated 
with some impersistant bands of conglcsnerate specially, near 
its southern contact with chlorite-biotite schist. Occasionally 
small veins of quartz, magnetite and tourmaline are fotind in the 
xrock. Occasionally* the rock outcropping in the southern portion 
of Tamapahar, is puckered. 
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Blotlte-quartz schist (Mvlonite) 
On the north-eastern part of the sector* the biotlte-
quartz schist, which has been identified as a mylonito, is 
fine grained and brownish grsen in colour. The rock appears 
as a narrow band of outcrop measuring 50 metres in width# 
and lies in close contact with quarts-Jcyanite schist on its 
southern side. "She rock outcrop continues along its strike 
upto west of Jaduguda, The rock strikes mw-SSE and dips 
northeasterly. 
Chapter - ill 
STRUCTURAL S^T UP 
The broad structural feat\ar©s of the Singlibhum aroa, 
including a part o£ Singhbhum anticlinoriuxn have boon precisely 
identified and described by Dunn (1929, 1937# 1940) and Dunn 
and Dey (1942) • Later on several other workers, tfho paid 
conoiderable attention to study oomo of the structural features 
of the Singhbhuia shear aone are De, A, (1954, 1957), iJalia 
(1954, 195Sa, 1956c, 1965), Danerji (1959, 1962, 1964). Sarfcar 
and Roy, A.B. (1966) stated that the thrust was not 'clear cut' 
in nature as usually found in the metainorphic terrains but the 
strain was released through shear surfaces which vjere developed 
over a wide region* Dunn and Dey (1942), however, suggested 
that the thrust movement took place along the belt by slippage 
of the pre-existing schistosity. The almost doimdip lineation 
on tlie scliistosity have been adduced as an evidence for such 
movements (tectonic transport) . These ty^ e^s of dovia dip 
lineations have been reported from the many orogenic bcdts of 
the world tind are conuaonly interpreted as an indication of 
tectonic transport (Kvale, A,, 1945, 1353? Anderaou, E.M,, 
1948; Bryant, B« and ilead, J,C. Jr., 1969). The arcuate shaped 
ehearsone in Singhbhtan is represented by a large S~V7 trending 
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overfolded limb of a geanticline in v/hlch thrusting marked the 
culmination of a series of fold movements from HNW to SSE (Dunn 
and Dey,1942). The 'overfolded' southern lirab of the anticlinorium 
forms a thrust (for shear) sone which separates the high grade rocks 
of the north from low grade varieties in the south (Sarkar and Roy, 
1966) or the shear zone marks the boundary betv/een a southern plat-
form and a northern mobile belt (Banerji, 1981), He also suggested 
tliat the arcuate-shaped shearzone and its convexity northwards 
indicates that the shearzone rocks were compressed against a 
southern landmass and that the shearzone is bounded by tv/o major 
shear planes, one on the north and the other on the south. 
Tlie area, under study, which constitut«3s the northern part 
of the southeastern and central sectors of the copper bolt of 
Singhbhum, have more or less the same general strike trend as that 
of WNW-SSE trending major shear zone of Singhbhum. 
A study of minor structures of the area was made in an 
attempt to identify thalr nature and also to examine their role 
in control oC niincralizatlon. The strxictures and their character-
istic foaturas are described folloi^ s: 
Planer stmctures 
A. Primary s'^atificai-ion 
NO primary stratification (S^ )^ was found lu the rocks of 
the southeastern sector and the shearsone. Talagatra (1969) 
found some stratification bands within the paammitic rocks 
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occurring northeast of llosabonl which is a little away from 
tho present study area. On the other hand, although the 
primary stratification has been mostly obliterated within and 
around the mineralized aone in tho central sector, yet there 
are fetf small rock outcrops at tho eastern end of Tamapahar 
and also at tho northern ridge of Jaduguda whero kyanlte-quairta 
and phyllosllicatoo occur in altomate bands with contrasting 
colours indica-ting primary stratification. The kyanito-
quartz schist strllsos IJ 70° tl-W 75®U and dips at an angle of 
50®- 55® northeast. 
D. AssAal plane foliation 
Tho aidlal pleno foliation (Sg) has also boon designated 
as flow cleavago of a:d.al plane cloavago (Lelth, C.K,, 1905, 
1923? B^ yanson, C,o»# 1941) • 'i'he Cg plcaieo are tho moot 
pervasive planer structxires as a whole and defined by the 
parallel to s\ib-parallel arrangement of irruscovite, biotico 
and flaky chlorite. They are very conspicuously displayed in 
all types of schistose rocks studied xd.thin these tvra sectors. 
The strike of the S^ planes at Tamapahar ranges from N 35° VI -
N 45°W and the dip, 45°- 50° northeast, whereas in the \irestern 
side of Tamapahar area, nearer to Jaduguda, the strike range 
is K 65°W - M 70°W and the dip varies from 35°- 40° nortli-
easterly. Sg plane in the southeastern sector strikes fran 
N 40°w - N 60°W and dips at an angle of 45°- 54° northeast. 
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Those axial schlstosity planes {Sg)* which are almost parallel 
to stratification planes (S^ )^ # probably suggest tho effect of 
the first deformation (D^ )^ in this area witli tho extensive 
develoiroent of Sg planes, Thoco wi«aely distribtitcd penotrative 
planer structures (Sg) have also been napped as asdlal plane 
foliation in other parts of Singhbhum (Sarhar and Saha, 1962j 
nahn, 1965; Bhattacharyya» D,0«, 1966). 
C, Slip schlstosity 
Clip cchictooity (Sg) is also a prominent olaotroplc 
ctructuro lilco tho S2 piano in this folded copper belt area. 
?^ho general otrilco trend of S^ p3-ano is K 45®tJ « I? 55®:? uith 
a moderato north-oastorly di^ 2n most of the cacor^ 
Oj planes intersect planes at lo^ a angles or they aro nearly 
ctO^-porallol. Roy (1965) identified tlio S^ pianos a;j shear 
planes formed by transposition of tho axial piano foliation of 
the B-folds. This plane probably originated as a result of 
second stage of deformation(D2). 
D. Fracture cleavage 
In the central sector fracture cleavage (S^ ) ID very 
prominent in the more competent rocks like kyanlte-quartz, 
quartzite and also in the chlorite-quartz schist. Two different 
fracture cleavages have been identified as striking N55^ and 
EI30°W and dipping at 35° and 65° nortlieast respectively. Ijj the 
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feldspathic rock of southeastern sector, the strike of S^ 
plane varies from ino% - N40% and the dip, from 48°- 65° 
northeast. 
slip folding and slip folding 
Flexural slip folding and slip folding are the commcm and 
tjoll-precorved structures in the feldepathic rocJc as ^ rsll as 
the chlorito-oEuartz schist. According to tmitton, C . h . t . 
(196^ # slip folding generally talcos place on the original 
bedding ourfeco and rcH^lns parallel to the axial plane. The 
flexural slip folding in the area possibly deformed the 
stratification pianos at the time of their first or early 
deformational stage. Slip folding was followed by latter 
flexural slip fold which io related to the second deformational 
stage (Dg) . There is a time and space gap betiieen the formation 
of slip fold and that of flessural slip fold. Such type of 
structures have also bQcao reported from other places, for 
examplo, MacArtney Lake, Agtxolable Lake area, Saskatchsifan, 
Canada (Johnson, M.H.W., 1961). 
F, Joints 
Different kinds of joints occur^ particularly in the 
feldspathic rock, quartzlte and the Dhanjori volcanics. They 
are more conspicuous in the quartzite of the central sector, 
particularly at the western end of Tamapahar area. The Joints 
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arc o£ tliree types, vis., strike joints, cross-joints and 
oblique joints. 
Strike .joints « Shis is the prominent sot of joints which 
is wsll-devolopcd in feldspathic rode of southeastern sector 
uhoro they ctrik© OE-SW and dip tonfardo northeast. 
In the quartzito of central ©actor, tlio/ otriko mo^w-
and dip at 60°-75° toi-jardo northeast. 
^^ ^ Crono joints - ^ e quartsiteo^ occurring in the eoutli-
oantom eoctor have crocs joints which arc developed almost 
at right angles to the strike joints, ffheir strike is n40%-
H50 and the amount of dip varies from 30®-50° southwest. 
iii) ObXiotue joints - "ShorQ ore tuo sets of oblique joints in 
the feldspatliic rode and quartsiten in tlio t\fO noctorc. One of 
the sets stril^ os 'J20°B-H50°ji; and dips at northeast. a?he 
otlicr sat strikes dips at 50^ -SO*^  northwest. 
two sets intersect cach other at a liigh angle. 
Linear structures - Linear stmctxires are well-developed in 
almost all rock types in the study area. The linear elements 
have been identified as slickensides and grooving, minor fold 
ajcic or puckers and pi^bles elongation in coi^glomerate. 
O, Slickensides 
Slickensides and grooving are usually restricted in the 
northern portion of the Taraapahar and developed on the surface 
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Of biotite-quart2 schist (mylonlte), Their stxike txend is 
N3 to MNE with a north-easterly plxonge of 25®- 35®. 
H. Axis of the rainor folds or puckers 
'A'he minor fold axes aru t?idoly developed and found in both 
the sectors. In the central sector they are foxind on the 
chloritc-quartz schist and also in other schistose rock types. 
Their strike varies frcji II 40®J - H 60®".J and pltinge at angles 
35® - 44® northeast. In feldspathic rock and biotite schist of 
southeastern scctor, the fold q2£oo strike i: 70® '.f - Bl 80® W and 
plunge at 40® - 50® northeast. Generally the folds are asyncnetric, 
isoclinalf and pt^matic. Hoifover, the nature of the folding 
varies from one place to another and shows open xirraps to tight 
puckers. 
^ • Pebble olongatioa 
The stretched conglcwaerates in the southern shear zone of 
the central sector often indicate preferred orientation of 
their pebbles which are elongated along the strike direction 
K 30® W - N 60® W with plunges 36® - 42® towards northeast. 
Each pebble has a shape of a triaxial ellipsoid with major and 
intermediate axes laying on slip surface. 
Phases of deformation and the corresponding structural 
events are shown in table 8. 
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Structural control of sulphide ores 
The sxaphldo ores are primarily controllod by certain 
structural features like shear zones, foliation planes, axial 
region of micro-folds, etc., in the feldspathic schist and 
chlorite-quarts schist which served as the host rocho for 
almost all the payable copper lodes located within the area 
concerned. 
i^?he control of sulpliide lodes by various structural 
elements has been widely accepted by many earlier workers. 
Some of the earlier views, esqpresced by Marayans^ /aany, S. 
(1959), Sen Gupta, P.R., ot al. (1952), en^haaiscd the role of 
different structural pianos, like those of foliation (Og) and 
slip schistosity (S^) in controlling largely the sulphide mine-
ralization. Sarkar (1966a) suggested that in the lodes, which 
are sub~parallel to the foliation, the concentration of 
sulphides has taken place usually along the downdip synforms. 
According to Acharyya(1968) the ore shoots are parallel to 
sub-parallel to the trends of the slickenside lineations as 
well as along the slip planes (S^). Talapatra (1968) stated that 
the trends of the lodes which are almost parallel to the 
schistosity (^2) u^id strain slip cleavage (S^) planes distinctly 
indicate structural control on the sulphide mineralization. 
The ore bodies are mora or less conformable with those of the 
Sg and Sg surfaces which are sub-parallel to each other 
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Chapter IV 
PETROGRAPHY OP THE COUHTRY ROCKS 
The otudy presents an account of the petrography and 
isogrado changos in the rocks along the shearzone and the rocks 
adjacent to it in the Mosaboni and Tamapahar sectors of the 
Singhbhiun shear eone. Based on the detailed petrographic study 
of 85 thin sections of rocks, their texture, mineral assemblages 
and modal distribution of the mineralogenic population, t^e 
following litho-types have been identified and described 
separately. 
Peldspathic rock - host rock of the ore deposits in the southeastern sector, 
Chlorito-quQrts schist - host rock of the ore deposits in the central sector, 
- Chlorito-biotite schist of the central sector, 
Biotite schist of the southeastern sector. 
BiotitG-quartz schist (mylonite) of the central sector. 
Quartz~kyanite schist of the two sectors. 
Massive quartzite and quartz schist of the central sector, 
Dhanjori volcanics of the two sectors, 
Muscovite schist (occasionally associated with garnet) 
of the two sectors. 
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Feldspathic rock 
The schist, gneiss and granite, whi^aro characterized 
by homogenity of rnineralogenie population but with rapid 
changes in development of the planer tectonic anisotropy, 
manifested as gneissosity and cleavage,have boon grouped ^ 
together as tho feldspathic roch, She diverse litho-types 
e3chibit rapid changes both along and across tho strike in the 
distribution and density of foliation, J^he feldcpatliic rode, in 
general, e:sdiibit© dovelopraont of the regional foliation defined 
by preferred orientation of the sheet ralnoralo and slight 
elongation of the quarts grains. Whore the density distribu-
tion of foliation is high, the rode approximateo sclilst. In 
areas of loij density, tho toxtural charactoristies appro^inate 
gneissic structure® Locally, the foliation is absent or 
feebly developed and the rocJc approximates microgranite, The 
feldspathic rock is tibiquitons in distribution in the eheair 
zone of the southeastern sector and forms the host rock for 
copper mineralization of the area. 
Mineralogy 
Plagloclase - Plagioclase occurs in tlio forni of largo por-
phyroblasts. The boundary lines are euhedral against quartz-
chlorite-biotite and muscovlte flakes which occur In close 
juxtaposition v?ith plagioclase porphyroblast (PI. I, Fig, 1). 
Compositlonally^ it varies frcsn Ang- An^ g^ falls within the 
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the range of albite to ollgoclase. The refractive index 
along y direction is within tlio range of 1.540 + 0.004. The 
sodic plagioclase exhibits taiinning corresponding to albite 
and chess board type (PL. I, Pig. 2). Plagioclase has a 
higher density in coarse groined fsldspatliic scliist than in 
other feldspathic rock. Sometimes fine grained flaJces of 
biotite* chlorite and nruecovit-^  occur as inclusions x^ itliin 
plagioclases. There are also a fei^  inclusions of quartz in 
plagioclaco end the plagioclase exiiibits sharp contacts xrLth 
biotito and chlorite. Occasionally* plagioclase ojdiibits 
diffused contacts having sjssnoblastic outlines (Pi. X, rig. 3)c 
sodic plagioclases exhibit development of sericite 
wliich occurs as an alteration product having preferred 
orientation and spatial correlation ifith the twin lamellae 
(Pi. I, Fig. 3). The alti3rQtj.on has coctiionly been recorded 
from sodic plagioclase having albite type of twinning. 
Biotite - Biotite occurs as crystals of lamellar habit. The 
basal sections are anhedral in outline. The biotite is brown 
to dark green in colour. The pleochroic scheme isi 
X = Pale yellowish brown 
y <s Yellowish brown with green tint 
z ss Dark reddish brown 
corresponding to absorption schome is x<y<z. 
The biotite flakes are referable to tvro generations of 
growth. The first generation of biotite occxirs as large lamellar 
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grains having preferred orientation along the regional 
foliation d<3fining the tectonic anisotropy. The second 
I 
generation of biotite as veinlets is developed along tensional 
gashes in the field of the section. Th© biotites occur as 
anisotropically oriented flakes^ the boundary outlines are 
anhedral against the projected ends of the feldspar, quarts 
materials. The biotito of the second generation exhibits 
crocs-cutting relationship with the biotit© of tho first 
genoration (Pl. I, Fig, 4). Locally in the field of tho A 
section, the biotite flaXes of the second generation exhibit 
angular discordance in orientation of their longer a^ls 
suggesting that the localized fabric anisotropy is possibly 
controlled by grovfth pressure rather than directed 6? trajectories 
controlled by regional deformation. 
Chlorite - Chlorite occurs as coarse flakes of pennine habit. 
The boundary of grains are irregular. These occur as xeno-
blastic porphyroblast, occasionally as pseudomorphs after 
biotita. Chlorite exhibits R.I. along = 1.638 ± .002 i/hich 
corresponds to the species prochlorite. The development of the 
chlorite is controlled by chloritiaation of biotite as indi-
cated by the presence of unaltered biotite core in the chlorite 
poirphyrobldst, iruins of chlorite around biotite. The develop-
ment of magnetite occurs as discretly distributed granular 
mass (Pl.II, Fig, 1) within the chlorite porphyroblast. 
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Muscovlta - Muscovite occurs as sheet minerals having flalcy 
habit. The grains exhibit lov; relief and have preferred 
orientation along the regional foliation. The grains have 
rugged torndnation• 
Epldote - Epidoto occ\irc ao discrete idioblastic grains 
esihibiting faint pleochroism in shades of green. It is 
characterised by high W.'i. and its varigated interferenco 
colour. Dpidote occurs as a minor constituent v/ith the 
feldspar. 
Apatita ~ Apatite occurs as an accessory, The grains ojdiibit 
prismatic habit, high R.l. and first order grey interferenco 
colour. Apatite grains exhibit spatial correlation with 
muscovite flaJceo in the field of tlie scction. 
Tourmaline - Tourmaline occtars as isolated stumpy crystals 
having pleochroic scheme ^ « light grey, co s slate grey 
corresponding to schrolite variety. Spatially the tourmaline 
is controlled by zonation in the host roclc. Tourmaline 
crystals are comtnon in rocks collected away from the lode. In 
proximity of the lode, the feldspathic rock is characterised 
by the paucity of tourmaline. 
Quartz - Quarts is the most common mineral and is ubiquitous 
in the feldspatliic roclc of the area. Modal analysis indicates 
that it constitutes 36.96 volume percent of the total rock. 
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Quartz Is finer to medium grained. Tho original textural 
parameters have by and large^ been obliterated by superin^osed 
strain. The grain boxindaries are irregular and the quartz 
grains occur as xenoblastic porphyroblast having sutxired 
contacts. The bedding in the field of the section is defined 
by grain size variation. The finer grained quarts exhibits 
sutured contacts tirhile medixam grained quarts show elongate 
contacts. The grains eashibit fabric anicotrt^y defined by 
elongation of quarts grains parallel to the orientation of 
regional foliation. 
The grains osshibit strain chadouc* t-ravy o:stirction and at 
placGD marginal rcceyotallisation along the direction of 
maxinruin elongation of clastic otrain. 
Accessory cdnerals - l4agnetito is a comnion accessory. It 
occurs as discrete grains having euhedral to subhedral 
boundary ol grains. At places in the field of section# it 
exhibits alteration to lecoxene which occurs as skeleton 
crystals. '^ In soaio sections* hornblende has been recorded as a 
minor accessory. It occurs as tabular crystals of prismatic 
habit v/ith rugged termination. The grains are oriented 
slightly at an angle to the regional foliation. These are 
possibly related to regional metainorphisra. 
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Texture 
The feldspathlc rock exhibits textural variation from 
schistose and gneisooce components to granitic type. The 
gneissoso and the schistose varieties exhibit lopidoblastic 
structure defined by preferred orientation of sheet minerals 
(biotite* chlorite, sericite, muscovite, etc.) and elongation 
of quartz grains having fabric anisotropy v/ith the regional 
foliation. The albitic plagioclase in the schistose and 
gneissose varieties of the feldspathic rock occur as xeno-
blastic porphyroblast having seive structure defined by 
inclusion of muscovite, biotite, chlorite and quartz. At 
places the boundaries of the plagioclase are diffused. Locally, 
the feldspathic rock is characterised by lack of fabric aniso-
tropy exhibited by gneissose and schistose varieties. The 
rock is dominantly made up of xenoblastic to idioblaotic porphy-
roblasts of albite and xenoblastic grains of quartz with minor 
amounts of biotite and muscovito which occxir aa isotropically 
distributed porphyroblusts within the rock. This rock 
approximates granite in compooition but lacks the granitic 
texture. The texture of the granitic variety is inequigranular 
granoblastic approximating pseudo-myrroekitic structure, possibly 
generated by soda metasomatism. 
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Quantitative Petrology 
For the determination of the petrogencsls of the felds-
pathic rock, 30 samples, collccted from surface and under-
ground v;orkings# v;erQ selected for modal analysis. The sample 
collection vras selective and representative of the textural 
variants v/orc colloctod from 23rd, 24th, 25th and 26th levels 
and surface exposures to obtain spatial and level variations 
in the litho types. The samples were subjected to modal 
analysis by point counter (ELTIKOR-4), the results tiave beeh 
presented in 
•fable 9. Analytical treatment of the data has 
been attempted follov/ing Chayes, F. (1956) . 
Evaluation of data 
Mineral distribution - Rovicx; of the modal analysis (Table 9) 
reveals a higher codic plagioclose percentage in the proximity 
of the lode from tho lower lavels. Outcrop samples exhibit 
rjlagioclase depletion. Chlorite also exhibits positive 
correlation v/ith the sodic plagioclase distribution with an 
average of 15.34 volume perccnt in underground samples to 
6.04 volume percent in outcrop (surface) samples, ^iotite, 
muscovite, epidote, apatite and opaque minerals exhibit xiniform 
distribution in surface and subsurface samples. Tourmaline 
Is restricted to the surface rocks and the subsurface samples 
derived from the lower levels in proxlmlt/ of lodes are devoid of 
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FIG.4 Q - P - A DIAGRAM SHOWING THE NOMENCLATURE OF 
THE FELDSPATHIC ROCK ( After:Chayes,1957) 
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totirmaline. Potash feldspars are consplclous by their absence 
in the feldspathic rock (etch test after Chayes# 1952). 
Modal field - The modal field of the feldspathic rock has been 
detemiined using triangular plots (Chayes* 1957) • 5?hQ plots 
lie on the Q-P Join within 20 percent to 90 percent plagioclase 
field. Moot of the modal plots fall outside the granite field 
Qxcept throo plots ^ )WLch lie tJithin the IP region (Fig, 4). 
The Qverago colour index (C.I*) of tJio eanqslos is moro than 30 
percent AiJhich is significantly higher than tliat for granito 
as suggested by Chayes (1957)• 
The mineral distribution* C.I. and modal plots suggest that 
the rock is outside tho range of granito (Chayes, 1957). 
Therefore, in the present staxdy the rock con^rising predomi-
nantly of quartz and feldspars with variable textural and 
structural signatures have been included under the feldspathic 
rock for tho purpose of description and mapping. 
The petrological studies of the feldspathic rtjck exhibit 
some important textural and fabric characteristics which have 
bearing on the genesis of the litho type. The significant 
features are sximmarized below: 
i) Plagioclases exhibit isotropic fabric in relation to 
foliation planes in the rocks. 
ii) Plagioclases aro doninantly sodic, K-feldspars are 
significan-yby their absence. 
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ill) The plagioclase^are referable to two generations! 
(a) The first generation plagioclases are mostly untwinned, they exhibit seive structure defined by inclusion of quartz, biotite, muscovite, etc. 
(b) The second generation plagioclases occur as clear large grains with little alteration, 
iv) The complex twinning of feldspar (Oorai, M,, 1951) which 
is possibly indicative of metasomatic process (Banerji 
and Talapatra# 1966). 
v) Locally plagioclase twin lamellae exhibit bending. The 
developments of the bending took place at late stag© 
of tectonic evolution. 
vi) Absence of K-feldspar in the feldspathic rock is 
suggestive of absence of magmatic granite. 
vii) The presence of chlorite within the feldapathic rock 
is suggestive of lower temperature pressure condition 
during the evolution of feldspathic rock which^as a 
corrolary^ substantiates the assumption that the 
development of feldspathic rock is related to soda 
metasomatism and not the end product of regional 
metamorphism. 
Chlorite-quartz schist 
In Tamapahar area the rock mapped as chlorite-quartz 
schist occurs as a dominant litho unit forming the host rock for 
the copper mineralization in the area. I-Iineralogically, it is 
characterised by development of chlorite, biotite and quartz 
with muscovite, sericite occurring as common. Hornblende, 
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magnetite, epldote and feldsi^ ar are present as accessories. 
At outcrop level, the mineralOgenic population ^lo^ot exhibit 
any perceptible variation in their distribution density, and 
the schist, characteriaed by the dominance of chlorite and 
quartz was mapped as chlorite-quartz schist thougl^ in the thin 
sections, the litho-type exhibits perceptible changes in the 
distribution density of quartz, chlorite and biotito. Accordingly, 
for purpose of petrographic description, the schist has been 
separated as chlorite-biotito-quarts schist, chlorite-quarts-
biotite schist and quarts«chlorito«biotito schist based on 
relative abundance of the constituent minerals. 
Ilineraloqy 
Chlorite - It occurs as a prcstdnent mineral tjith tabular habits 
exhibiting preferred elongation in the direction of regional 
foliation. It exhibits ploochroism in shades of green. 1?ho 
mineral occurs in two generations, the first generation 
chlorite is green to dark green and th:^  second generation 
exhibits green to brownish green colour; hereafter, referred to 
as chlorite-I and chlorite-II respectively. 
Chlorite-I t It occurs as tabular porphyroblast with i5rell-
developed cleavage parallel to the 001. She body colour is 
bright green to greenish exhibiting pleochroism in shades of 
green. The Ks values are generally within the range of 1.646 jh 
.003. BireferengencG is v/eak, and tlie interference colour is 
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anamalous blue. This chlorite is occasionally seen as inclusion 
within the ore minerals (Pi. II# Pi^, 2). 
Chlorite~II» It occurs in close association ifith biotite. It 
is tabular in habit and greenish to greenish brown in colour. 
Pleochroic coloiirs varying fran greon to brotmish red. It is 
present along the cleavages and as peripheral rim along 
biotite. The development o£ chlorite*II is clearly seen as an 
alteration product from biotito. At places, in the field of 
the section, biotite has completely altered to chlorite-IX, 
This altered chlorite is referred to pennine typo. 
Biotito -It occiirs as tabular porphyroblast with rugged 
termination. One set of cleavage is clearly discriminablo in 
tabular and lamellar aggregates, l^ ocally basal sections are 
also present in the field of the sections. The body colour of 
the biotite varies frcro broifn to grewiiBh broun. The plaoo-
chroic s c h G K i e is 
X a Light green 
y ta Faintly green 
z = Green with brovmish tint 
The absorption scheme follow x>y>z. 
Ha » 1.648 + .003 suggest higher contQDt (Deer. 
et al.« 1963). Biotite in some sections occurs as a dominant 
ferromagnesium constitucants in the roclc. In most of the 
sections examined from the vicinity of the lodes, biotite 
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exhibits retrograde phenomei^nianlfested by alteration of 
biotlte to chlorlte-II, The alteration is usually multicentral 
initiated along cleavage traces and the periphery of the 
biotite porphyroblast, 
Muscovite - It occurs as a common mineral in association v/ith 
biotite. The mineral exhibits tabular habit occurring as clear 
grains exhibiting strong bireferengence with second order 
interference colotu:. Locally bending of the flakes and develop-
ment of optical discontinuities within the porphyroblast have 
been recorded on the muscovite grain (Pi, il. Fig. 3). The 
orientation of some of the muscovite groins along the hinges 
of the bent flakes has been recorded in the field of the 
section• 
Sericite « It occurs as minute shreds exhibiting preferred 
orientation parallel to the regional foliation. Tho sericita 
is present in tho rock in clone asnoclation with muscovite and 
quartz. Locally, density distribution of scrlcltc flakes 
deflne>? the planes of primary stratification in the rock but, 
by and large,all traces of stratification have been obliterated 
due to recrystalllsation. 
Quarts - Quarts occurs as the prcsminent constituent In the 
rock* The grains are referable to ti-jo generations. The 
first generation is fine to medium grained, generally elongated. 
The second generation of quartz is present as equant, clear and 
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large grains. They have been referred to as quartz-I and 
quartz-II respectively. 
Quartz-It It occurs as elongated grains, the elongation direction 
exhibits parallelism with the regional foliation. I'hese grains 
exhibit strain shadows and undulose extinction. 
Quartz-IIt It occurs as equant, clear large grains having 
isotropic fabric apparently,free from offocts of optic strain. 
It appears to have been introduced into the rock afte^tectonic 
episodes. 
Feldspar - It is represented by small lath shaped crystals of 
prismatic habit occurring in close association v/ith sericite. 
By and large, it has suffered alterations. Locally, sodic-
plagioclass occurs in a highly decomposed state, 
Ilaqnetite - It occurs as discrete grains,u3£dqutous in distribu-
tion throughout the field of the section examined. It occurs 
as inclusions v/ithin the biotite and chlorite and^  at places^ 
exhibits euhedralisrn against chlorite, ihe rpatial relationship 
of magnetite and chlorite are perhaps indicative of retrograde 
metamorphism during which chlorite and magnetite were formed 
at the expense of biotite. Thus, genetically the mineral is 
referable to two generations. The ubiqutoualy distributed 
magnetite represents the first generation v;hile magnetite^ 
occurring as released product^can be assigned to the second 
generation, 
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Accessory minerals - A few grains of hornblende have been 
recorded from the schist. These occur as small prismatic 
crystals in close association with othor ferromagnesium 
minerals (e.g.# biotite and chlorite). 
Texture 
The rock exhibits granoblastic textures. The fabric is 
dominated by preferred orientation of tho tabular porphyroblast 
of biotite, chlorite and muscovite. The equant grains of quarts 
have usually responded to strain charaatorized by elongation 
in the direction of regional foliation. The textural fabric 
is lepidoblastic. The foliation is dominant and characterised 
by preferred elongation of sheet minerals (e.g,, biotite, 
chlorito and muscovito), Those minerals exhibit end-to-end 
arrangeiaont with rugged termination. Some of tho crystals of 
sheet (chloritc, biotite) minerals exhibit minor crenulation 
xjhich occur as ii.trafolial elcnent in a structural harmony v/ith 
the crenulations developed in the scaist on a mesoscopic scale 
(PI, II, Fig, 4), 
The textural fabric and characteristics of mineral popula-
tions in this rock suggest the follov;ings 
1, The chlorite is referable to two generations! 
Chlorite - I » It represents the species derivea from the 
cagional metamorphism of volcanics/volcano-clastics. 
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Chlorlte-II» It represents the product of retrograde meta-
morphism of blotlte* 
2. Hagnctite-I representc/s the original components of parent 
roclc. Magnetito-II occurring in association with chlorite-II 
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is possibly released during the process of retrograde metamor-
phism of biotite, 
3. Quartz-I represents original constituents of the parent 
rock. Its proportion (approximately 40 volxiino percent) in the 
schist suggests that the parent rock had a clastogonic component. 
iJuartz-II is a mineral introduced later and perhaps represents 
a phase of silicification in the petrological evolution of the 
area. 
4. The presence of intrafolial folds and flexuring of the 
muscovite flakes exhibits operation of a second generation stress 
field, post tectonic to the regional foliation. 
Chlorite-biotite schist and biotite schist 
On the northeastern side of the Dhanjori volcanics, the 
contact rocks arc represented by blotlte schist in the south-
eastern sector and chlorito-bictite schist in the central sector. 
Mineralogically the schists have been differentiated on the 
basis of predominance of biotite and chlorite.The raineralogenic 
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population and raetamorphlc assemblages are nearly the same. 
Qineralogy^ 
Slotite - It occurs as the predominant mineral In the schist. 
'Sxjo generations Of biotltc^ characterized by variations in 
tholr colour* pleochroic scheme and R.I. have been recognised. 
Blotite-X I The brotm colour biotlte has pleochroic schone? 
as = pale yellotfish brovm, y yelloi-rioh brotjn uith reddish 
tint and z o dark brm-m vTlth greenish tint (2t<y<s) and R.2. 
(Ha) « 1.665 ^  .003. 
Blotlte-IIs The green colour biotlte exhibits pleochroic scheme; 
3t o pale yollotjish green* y « pale green, s o olive green 
with slightly brovm tint (s<y<s) and R.I. (Ely) o 1.677 .003. 
Inclusions of brovm biotlte have boon recorded from biotite-XI. 
Chlorite ~ It occurs as an aggregate of fine and coarse flaXes, 
exhibiting a strong ploochroiBm and lot; bireforcngcnco. R.I. 
(Ily) ranges from 1.62C ^  .003 to 1.642 ± .003. Xt gonerally 
occurs in close association with biotlte* often replacing it 
along the cleavages. In the field of the sections^collected 
from tho central sector, chlorite dominates over biotlte but 
towards the southeastern sector, it becomes subordinate to 
biotlte. Tho fabric relationship of chlorito v;ltli biotite 
indicates jto retrograde nature. 
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Quartz - It OGcxirs as subroundod and elongated grains.The undulose 
extinction and sutured grain contacts or© suggestive of strain 
effect. At placos in the field of the scction, the quarts grains 
exhibit elongation in the direction of regional foliation* 
Muscovite - It occurs as minut© prianatic laths tirith rugged 
termination having preferred orientation along regional 
foliation. 
Accessory minerala - Magnetite is ubiqutoua and distributed as 
discrete groins throughout the field of the oecti<»i. Bpidoto 
occurs ao a minor accocsory. 
Texture 
Tho roclss exhibit crystaloblastic texture characterised 
by preferred orientation of biotite* chlorite and muscovite 
parallel to the schistosity. 
The following features have been noted fran the petro-
graphlc studiess 
1, The chlorite-biotito schist is characterised by developnent 
of biotlte/chlorite at an angle to the regional foliation 
(Pi. 1II# Pig. 1) • This is perhaps the manifestation of shearing 
in the rock along the litho-contact. 
2. Locally in the field of the section, quartz has been 
recrystallized into clear large equant grains uneffected by 
strain eflrocts, I'he development of quarts indicates local 
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thermal rise leading to internal recrystallisation. 
Biotite-quartz schist (Mylonite) 
It is a cherty looking mylonite with streako of biotite 
and other mafic minerals. The mylonite comprises predominantly 
of finely granulated quartz x/ith biotite and muscovite occurr-
ing as dark streak defining the foliation of the rock. Tourma-
line, opaque ores and epidote are present as accessories. 
Mineralogy 
Quartz - It occurs as a prominent mineral in thin l^ination, 
individual grains are crushed v;ith sutured contacts. The grains 
exhibit strain shadows, i;avy extinction, internal crushing and 
slight elongation in the direction of regional foliation (Pi,III, 
Pig. 2)• In some sections, the clear large grains of guartz 
have b<ien recorded occurring in close association with the 
finely crushed and granulataci quartz grains. The lately introduced 
quartz is generally free from strain effects. 
Biotite - It is present as dark falky minerals occurring as 
lenticular streaks defining the foliation. The R,I., ranges 
from 1.672 to 1.682. ir-leochroism/in the shades of green from 
faintly green to dark brownish green, Diotite flakes have at 
places being transposed by attenuation of the crenulation cleavage. 
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Chlorite - It occurs as minute flalces in a spatial association 
v;ith biotito. The development of the chlorite appears to be 
related to the process of retrograde metamorphism. 
Muscovite - It occurs as small needles in close association 
with biotite occurring parallel to the planes of foliation. 
Small grains of magnetite and epidote are also recorded, 
Testture 
The rock eKhlbits mylonltic tescture defined by cataclasio 
of quarts grains in preferred orientation of sheet minerals 
(e.g.« biotite, muscovit© and chlorite). 
The petrofabrlc study suggests the following* 
1. The presence of second generation quarts in the rock is "c , 
suggestive of post-tectonic siliciflcation, 
2. Chlorite formed during tha falling temperature by the 
e^i^nse of biotite* 
3. The high R.I. of biotite indicate/^its basic nature. 
Quartz-kyanite schist 
Along tho line of the overthrusting in the eastern fringe 
of the area, quarta-kyanite schist have been recorded. The mineral 
assemblage ccsnprises quartz, kyanite, muscovite, serialte and 
staurolite• 
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Mineralogy 
Kyanite - It occurs as broad* elongated tabulae crystals having 
radiating fabric. The crystals range in length from 1 nun to 
2 cm. It is weakly plaeochroic in shades of blue. Interference 
colour are first order blue* 
Quartz - It occurs as equant grains having sutured contacts. 
The grains exhibit strain shadows and wavy extinction. 
Statirolite - It occurs in close association vrith Ityanite, 
Incluoion of quarts has been recorded from the cleavage and 
parting pianos in tho staurolite, 
mscovito-sericite - Those occur as small flakes having 
preferred orientaticai defining the feebly developed foliation 
plane of the rock. 
Texture 
The rock exhibits crystalloblastic texturo. The foliation 
is feebly developed defined by parallel to subporallel arrange-
ment of muscovite, sericite, staurolite and kyanite. 
Massive quartzite and quartz schist 
The rocks cataprise dominantly of medium to coarse grained 
quartz with biotite and chlorite occurring as secondary 
minerals. However, quartz schist occurring on the northeastern 
side of the central sector does not contain any such secondary 
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minerals like blotite or chlorite. The rocks exhibit equi-
granular granoblastic texture. 
l4ineralogy 
Quartz - T h e quartz is equigranular in form and slightly 
elongated in the direction of regional foliation. The grains 
exhibit sutured contacts, strain shadotsrs and undulose extinction. 
The contact of the quartz grains with biotite and chlorite are 
sharp and rectilinear. 
Biotite and chlorite - They occur as flakes along fractures 
in the rock exhibiting elongation in the direction of fracturing. 
The development of these minerals is independent of the dominant 
regional fabric in the quartzite. They appear to be secondary 
in origin and related to biotitisation and chloritization pro-
cesses temporarily related to metasomatism in the area. 
Dhanjori volcanics 
TUG Dhanjori volcanics, characterized by the development 
of amygdules and locally penetrative schistosity, specially in 
th- proximity of the shear zone, have been distinguished into two 
types, namely as massive volcanics (non-foliated) and metavolca-
nics (foliated) for the purpose of petrological description.The 
former is characterised by feeble development of regional 
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foliation ^ and'lthe latter exhibits penetrative foliation and strain 
manifested by elongation of amygdulojs in a structural conformity 
with the regional foliation, petrographic studies were carried 
out from 20 thin sections of raassivo volcanics and metavolcanics. 
Petromineralogical observations suggest homogeneil^ of population 
characterised by mineral assemblage (actinolite* hornblende* 
plagioclase* chloritc, biotite# augite# opidoto« clinostioslte# 
quartz and accessories)• Thus* petrologically the volcanics re-
present kindred relationship. The local development of regional 
foliation has not significantly altered the isograde fence. 
t^ineralogy 
Actlnolite - The fibrous to prismatic omphibole of actinolite 
variety is the roost evenly distributed constituent of the rock 
type. The pleochroism is* 
X «= pale pink, 
y ta pale green, 
z t= green. 
and the absorption scheme is z>y>x. The refractive indices 
(R.I.) Nz « 1.642 ± .003. 
Hornblende - Among the amphiboles, hornblende occurs at places 
in the field of the section as prismatic and pseudohexagonal 
crystals. It exhibits a strong pleochroiBra in shades of green 
and high R»I.# Nz« 1.682 + .002, Locally minute Inclusions of 
magnetite and chlorite flakes have been recorded frwn hornblende 
68 
grains. The grains exhibit rugged termination and are usually 
disposed, slightly at an angle to the foliation in the volcanics 
which is defined by preferred orientation of actinolite and 
plagioclase laths. 
Augito - It occurs as a comnon ferromagnesiuin mineral both as 
groundmaos and as phenocryst» It exhibits high relief having 
faint pleocnrolsm In shades of light blue. The phenocrysts of 
augite are anhedral with irregular boundary and significantly 
devoid of strain elongation lEfhile the matrix minerals occurring 
in the groundmass responded to strain and wore aligned in the 
direction of the regional foliation. 
Plagioclase - It occurs as laths and short sttimpy grains. Compo-
sitionally, the plagioclase ranges -from albite to oligoclase 
(An^- AHj^ j^  • ^^ ost of the plagioclases are cloudy in appearance, 
though some of the grains show clear margins and fine albito 
twinning. These grains occur both in groundmass and phenocrysts. 
The plagioclase laths in th^ groundmass exhibit preferred 
orientation parallel to regional foliation. 
Chlorite - It occtirs as a common accessory mineral in close 
association with actinolite, Ihe flakes are developed together 
with the fibrous aggregate of actinolite. 
Biotite - Biotite is present as an important mineral in the 
metavolcanics near the shear zone. It occurs along the foliation 
in the metavolcanics. It exhibits pleochroism as x = pale brown, 
2 a dark brown (z > x ) . 
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Quartz - It occurs ao xenoraorphic equ&nt grains. Inclusions of 
actinolite neodlos have boon recorded from the quartz grains. 
Locally in soine of the sections v/horo the amygdulos have been 
strotched duo to superimposed strain* quartz grains also show 
elongation and the clastic strain in harmony v/ith the regional 
foliation (PI. Ill, Fig. 3). 
Epodote - It constitutes a significant minoral assemblage in 
the schistose varieties. It shov/s plaeochroism from pale yellov; 
to yellovrish green and higher order of interference colour. The 
optical parameter suggests the piatacite variety of epidote. 
Clinoziosite - The colourless crystals of clinoziosite have been 
identified vihich are found alv/ays intimately associated with 
epidote. 
A c c e s s o r y m i n e r a l s - A t h i n r i m o f z e o l i t e i s g e n e r a l l y f o u n d 
a l o n g t h e m a r g i n s o f t h e e l o n g a t e d a m y g d u l e s . M i n o r a m o u n t o f 
f i n e g r a n u l e s o f s o h e n e o c c u r s S D o r a d i c a l l y b u t a l v r a y s r e s t r i c t e d 
i n t h e s c h i s t o s e t y ^ e . T h e o p a q u e s a r e C O T u n o n l y i r o n o x i d e # p a r t 
o f X ' / h i c h a r e c o n v e r t e d i n t o l e c o x e n e . 
T e x t u r e 
The volcanics exhibit biasto-sab-ophitic ind lepidoblaotic 
textures in massive and schistose variotieo respectivaly. The 
blasto-sub-ophitic texture is defined by penetrative relation-
ship of plagioclase laths into the augite grains. In most of 
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the sections, the plagloclase laths exhibit preferred orien-
tation parellel to regional foliation. 
In amygduloidal varieties, tho lathB cluster around tho 
amygdules- The groundxnass and the phenocrysts exhibit relicts 
of original texture both in the massive and schistose varieties-
In the schistose metavolcanics, the aiaphibolos arc developed 
defining the regional foliation. 
Muscovite schist 
The large and slightly elongated garnet porphyroblaots 
in uuscovito ochiot occur within tho recrystallized i.iaas of 
quartz and itiuocovite. Regional foliation is dominant and 
defined by preferred orientation of rauscovite and elongation 
of quarts grains. Locally developed rauscovite and quartz have 
been observed in the pressure shadow zone of garnet porphy-
roblast. 
Mineralogy 
Muscovite - It occurs as minute flakes aligned parallel to the 
schistosit/ direction. It has also been recorded as inclusions 
within the garnet porphyroblast. Vhe inclusions exhibit angular 
relationship with regional foliation sug,jesting rotation during 
syntectonic recrystallization. At places, the muscovite flakes 
are seen as radiating grains in the pressure shadow zone 
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(Ramsay. J.G., 1967) exhibiting angular relationship upto 90® 
with the regional foliation, The development of the muscovite 
flakes in the southeastern quadrant suggest^a dextral shear and 
rotation of the axis of an incremental strain during deformation 
by 90° (PI, III, Pig. 4). 
Gamot - It occurs ao elongated large porphyroblaot tfith inclu-
sion of quart?, and muccovito, She evolution of garnet appears 
to bo poot-tectonic to regional foliation and oyntectonic to 
regional shearing genetically aooocioted vjith thrust dovolop-
nicnt. 
Diotlte » It is generally coarse grained v;ith rugged termina-
tion. The orientation of biotite defines the regional folia-
tion, It exhibits pleochroism in shades to pale broxim to 
deep brovm, Iiocally* biotite exhibits alteration to chlorite. 
Partially altered flakes exhibit ananalous Interference 
colours, 
Chlorite - It occtirs as an alteration product after biotite. 
It exhibits pleochroism In shades of green; bireferengence 
is weak» interference colour is blue. 
Quartz - It occurs as xenoblastic grains with elongated and 
sutured contacts. The grains exhibit elongation in the 
direction of regional foliation. Strain induced effects are 
manifested by undulose extinction and strain shadows. 
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Opaque minerals « The small grains of opaque minerals, most of 
vjhich are magnetite, are fo\ind randomly distributed within the 
field of the thin section. 
Texture 
The rock esdiibJLts porphyroblastic tcxturo. Largo pozrphyro-
blast of garnot occur in structural disharmony t/lth the 
schistose component defined by lepidoblastic textxaro manifested 
by preferred orientation of sheet minaralo (e^g., muscovite and 
biotite) and elongation of quarts grains. In some of the 
sections^ vjrhere the pffisportion of sheet minerals has decreased^, 
the ochiotocity defined by the parallel arrangement of sheet 
minerals is laclcing and the planer tectonic anisotropy becomes 
gneissosity. 
Prora the atudy of the petrographic character of the rocks, 
a s described above, it is obvious t h a t , the roc!cs of the study 
area have undergone progressive metamorphism. The highest 
grade of metamoirphisra attained within the shear aone daring 
progressive metamorphism is evident by the development of 
staurolite and kyanite in the kyanite-quartz schist falling 
within the lower amphibolite facies (Fyfe, W.S. and Turner, 
P.J., 1966) . The appearance of green minerals like chlorite 
and green biotite in the host rocks and their adjacent litho-
units aa well as abundant occurrence of epidote in younger 
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Dhanjori volcanlcs are Indicative of minerals of the green 
schist fades (Tumor and Varhoegon^ J,, 1951) • However, the 
host xroclcs and their stU>-litho xinits havo also undergone 
rotrogroosivo raetamorphisra which is manifested by the formation 
of second generation of chlorite and magnetite. This reversal 
of metamorphism io possibly related trith the intense shear 
movsmont affecting some of the roclcs of aroa at a later stage. 
Chapter V 
TYPES AND MINERALOGY OP THE OHES AND THEIR I4ETAI^ 0RPHISM 
Type of the ores 
The Singhbhum shear zone is f^oll known for Its rich sulphide 
ore deposits vjhlch are associated v/ith several different litho 
types. The economically payable ores are mainly confined in two 
types of lithounits, vis,, feldspathic rock of southeastern 
sector and chlorite-quartz schist of central sector. The ore 
bodies in the tv;o study areas being associated v/ith more than 
one lithologic units have different modes of occurrence, 
grades and characteristics. Considering the hitherto described 
facts, an attempt has been wade to clansify them and present 
a morphological description of each of the ore types. The ores 
have been identified according to their nature and described 
as follows: 
1, Massive type 2. Braided type 
3* D i s s e m i n a t e d t y p e 
Massive - The massive ore-generall//encountered in the 
closely spaced veins, pockets, and lenses occurring in felds-
pathic rock at almost all the levels of underground mines. 
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via,, 23rd# 24th, 25th and 26th of north Badla scction of 
Moeaboni, SMs type is rather tincornraon in the central sector 
where the host rock is chlorite-qaartz schist and found only in 
a limited extent in tlie 3rd lode at 3rd level. It is ccsoposed 
predominantly of sixlphide ores tJith iibiquitous presence of 
chlorite and quarts as gangues and characteristically foiind 
whore tho host rock has been intensely fractured. 
2, Braided « typo of ore ic charactoriotically formed whore 
tlie mineralization vras controlled by closely spccod plcner 
structures, mainly cchictooity end slip pianos. Gccnetiraes, 
there are small veins of sulphide ore associated with elongated 
quarts grains. Xt is found uore or less in all tlic four lovelsy 
as mentioned earlier, tliough its occurrcnce is moro frequent 
at the 24til level GG also in tho 3rd level of Taroapoliar section. 
3. Diaseminated - Disceminatioa of sulphide ores is cotsnon in 
chlorite-quartss schist though it is also found in feldspathic 
rock to a limited extent. It is sporadically distributed in 
the host rocks in the form of small specks* blebs, and small 
veinlets. Occasionally clots and patches of ores are also not 
uncomnaon = 
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Minoralogy 
Twenty ore ndnerals have been Identified in the polished 
sulphide ores of the study area t?ith tlie help of ore micro-
scope^ and'^ey are as folloi^ st 
Chalcopyrite, pyrite, pyrrhotito, sphalerite^ arseno-
pyrite, valoriito, violarito, pontlandito, rnillorito, 
cubanito, molybdenite, bomite, covellite, tollurbisnuth, 
totradyoito, laarcasite, nagnetite and sano minor constituents 
of ilmenite and galena. The exeolvcd ore minerals have been 
described and diocusscd along x/ith their host minoralo, 
Chalcopyrite a CuFeSg 
Chalcopyrito ic associated with alinoot all other ore 
fr-om -j-hlQ «rna for, it io the pro-
doiainant laineral constituent of the oros. It occurs usually 
as gremular crystalline aggrogatas irLth m o r e or leas polygonal 
outlines and moat of them have been recrystalllsed. size 
of the individual grains varies frc»n 0,001 iran to 2.0 mm in 
diameter. Sometime, chalcopyrite occupied veinlets, the raaxtraion 
width of which reaches upto 1 cm. The reaction rims arotind 
chalcopyrite grain boxindaries are of covellitc and chalcocite® 
Minute blebs of sphalerite occasionally occur in the chalco-
pyrite grains. Irregular and elongated inclusions of pyrite 
£ind pyrrhotite within chalcopyrite are comaion Ln the ores of the 
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southeastorn sector. Often chalcqpyrito exhibits micro-folding 
of its grains which taper out at tho tv;o ends of the fold. 
There oro some ttfin lmn.Qllao of tho mineral xirliich are genorQlly 
lanceolato to spindlo^shaped and exiiibit polysynthctic tid.nning 
(PI. IV, Pig, 1), Thoy are aligncd^inoro than^^^ono direction 
and tho straight lamellae are orieanted in tho hlcl direction 
(PI. 2V, Fig. 2). 
Colour; Bright braco yolloiJ 
Roflectivityt Loifor than pyrito 
AnisotropicsQs Witli greenish ycllot? to grcyioh blue coloiiro 
Etch reactionsI 
KgCrgO,-:. KgSO^ 
IETO3 (1$1) 
A q u a r e g i a 
HCl (1:1) 
FeClg (1:1) 
HgClg (sat.) 
KOH (oat.) 
KCii (20 %> 
PoGitlve • tuin plenco and grain bomioxirieo cxq brought out cloarly after oiirty-fivo lainutao of etcliing. brovm slot'jly. 
Stains 
- fumes tamiish tho cnirfaces. 
- slov/ly tarnished to a persis-tent "hro-rr. colou.'r, £c:.\ii3 tarnished differently onci soraetirass grain boundaries were developed, 
Negative 
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Pyrlte t PeS2 
Pyrite Is tibiquitoiis in the sulphide ore and generally 
occnirs in the form of oiihedral to subhedral grains, Discrota 
idiomorphic crystals of pyrite are found either within chalco-
pyrite or disceminated in the host rock. Generally pyrite occurs 
in tifo forms# nemely^ (i) automorphic tdLth octahedral crystal 
habit, ranging In sis© from 0»2 to Q.O ram, (ii) ctibic (Pl» IV, 
Fig, 3) uhich is abundant. Tho fonaor fom indicatco that the 
temporatiire was moderately high during its forroation and there 
was a sufficient supply of ore solution during crystallisation 
since the taaporature of cryotGlllaati.on t^ as found to bo tho 
prime factor of controlling tho habit of pyrite (Cf. Kambo 
Mines, Japan, Gungawa, 2., 1957). It is also fomd as dissemi-
nation of minute crystals of less tlian 0,5 mm to 5,0 mm in 
tho ores of control sector. Ificro-folds are also observed 
with tho characteristic of radial fracture (Pi«V, Fig. 1), 
Marcasite occurs ae fine grained laixiellae and follows certain 
crystalloijraphic direction wi'thin tlie pyrite groins (PI. V, 
Fig. 2) . Raindohr, ?. (1969) has suggested that, marcasite may 
be formed due to decaaposition of sulphides rich in iron. In 
this case also, meircasite was probably fomed by the desul-
phurization of pyrite. 
Colour : Creamy to yellowish vjhite 
Reflectivity t Higher than chalcopyrite 
Crossed nicols t Isotropic 
Etch reactions: 
79 
HNO. 
HCL (Isl) 
PeClg (111) 
KOH (sat.) 
KCN (20 %) 
Positive - stained greyish brown, fumes tarnish it readily, 
- after prolonged etching brings out etch cleavages. 
Negative 
Pvrrhotite s Pes 
E>yrrhotite occurs usually as localized rich stringers but 
the most common form is spock or bleb. It is quite abundant 
in the ores of both the sectors. Sometimes, xenoraorphic 
granular aggregates tdLth irregular outlines and in the form 
of discrete xencanorphic grains, about 0.002 to 0.02 mm in 
diameter, are found either t»rithin the chalcopyrite or along 
its grain boundaries. Pyrrhotite charactoristically occurs as 
rounded grains within the triple point Junction of chalcopyrite 
(Pl.V, Fig. 3). Recrystallization of pyrrhotite is a prominent 
feature in the ores (Pl.VI, Fig. 1). 
Colour : Pale creamy brown. 
Reflectivity s Lower than chalcopyrite and pyritu. 
Anisotropism : Strong (light qrey to pinkish grey). 
Etch reactions 
HNO^ (Itl) 
KOH (sat.) 
) Positive 
) 
) 
) 
slowly stained broim, fumes tarnish permanently, 
slowly turned brown to irridescent. 
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HCL (X«I) 
F0C13 (1»1) 
HgClg (oat.) 
KCI7 (20 SS) 
fumes tamish feebly 
stains rapidly brown 
> 
j I^cgativo 
) 
PentXandlto s (POwi)s 
PentlcnfiitG occxirs as eiibhedral patches, voliiloto, 
granular segregation and flaiao-liko body which arc entirely 
confined only uitliin tiio pyrrhotite (Pl. VI, I'ig, 2) . T^lie 
flames are charccteriotically oboorvod along tho botindarioo of 
the pyrrhotito grains. 
Colour s Crcimy uhite. 
Uoflcctivity s High 
Croisetl nlcol© s Icotrtjpic 
Stch reactions 
KgCrjO^ + H^SO 
liHOg (1:1) 
HNO^ (cone.) 
A£itia regia 
HCl (conc.) 
Feci 3 
K O H 
naOH 
4 S ' o c i t i v o - s - b o i n s r a p i d l y b r o t m , 
- s t a i n s b r o w n . 
- s t a i n s y e l l o w i s h b r o t m . 
- stains bcoiirn. 
Negative 
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Sphalerite s ZnS 
Sphalorito occurs in tho form of «aiscrete or minute 
siibhodral groins and in most caseo found in association with 
chalcopyrito and somotimo tri.tli pyrito but doos not shotf any 
roplaccsaont relation witli oithor of tho tiio, SonietiiaGS* 
rainut© blcbo of chalcopyrito aro foxmd uitliin tho aphalorito 
graino and tills io a cooiaon foaturo in tho oros. Occurronce of 
ophclcr^ .tc ic more frccuont in tho oroo of tho central occtor 
than 'liioco of couthoastom Doctor, 
Colour : Groy to darl; groy 
Xntomal roflection s Distinct 
Crossed nicols s Isotropic 
Etch reactions 
11:103 
HCl (i5l) 
KCJ (20 %) 
PeCl3 (111) 
KOH (sat.) 
HgClg 
Positive fumes tarnish fianec tarnish 
Negative 
Arsenopyrito : FeAsS 
Arsenopyrito occurs as discrete xeneraorphic grains about 
0.05 Kim across in chalcopyrito* but x/ithowt shov/ing any 
replacement relation iirith the latter. 
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Colour t White 
Rofilectlvity s High but loi-7or than pyrito 
Anisotropijsm t WeaJc 
Etch reactions 
mo^ {i«x) 
i-igcig (oat.) 
iccn (20 %) 
UQl iUl) FQCI3 (181) 
icon (out.) 
PoBltXvti - tamishos deep brotm 
- tamishos yoXlotdsh hrmm 
- tamishoa pale brotm 
tlogativo 
CubenitR 8 CuFogSj 
Cubanitc occtiTo gonerally ao lanollar or lathshawod or 
tabalar graino oithor ao single lemolla or txfinnod cc®q?osita 
lamcllaa tjithin chalconyrito and invariably foujid in almost 
all tlio ore oamplos, Sio cisbanito Icmollao aro tlio e^csolvod 
products o^ chalcopyrito m C found along tho (111) planes 
o£ the latter„ ^^ ho length of tho lamella varies trhile 
occurring in ts/imiea coiaposits form aiid the chalcopyrite 
lamellae altomate i;rit5i those of cubanite. Gomnosite lamellae 
are also lult-c comrnon oxid often end abruptly against and opposite 
tlie grain boundary of chalcopyrite (Pl. VI, Pig. 3) • Ax so it 
has been observed that tlie la-nellao stop at grain boundary with 
sharp edges. Most of tho exsolved lamellar cubanito nay have 
resulted from the reversal of high chalcopyrite to Im? chalco-
pyrite on cooling (see Buerger, ll.W, and Buerger, M.J., 1934) , 
Colour s palG pinkish brovm with violet tint. 
Aaisotroplsms Dlotlftct (groy to pinlclsh hvoxm) 
Etch rcoctione 
Cr203 IICI 
miOo 
IICI KCIJ I?eC3L3 
HgCl2 :;0H 
Posltivo « turns greyish instantaneously, 
- slotfly trams irridoscont. 
VaXcriita s CuPcCg 
VQloriito occuro as fino laths end noodloe and o^ csolvod 
charactoristicolly along tho (111) planes of chalcopyrite 
(Plo VI2, i'ig, 1)# liks cubanito, 2ho longth o£ tl^ o laths 
generally varies £roa 0.1 nira to 0»G rnni and eKliibit vivid 
reflected pleochroioia and distinct anisotropieia. ilie aniso-
tropicifl ia distinct shotting bluish grey by one sot and deep 
creamy yellov/ish colour by the other set of tho escsolved 
lamellae, The needles of valeriite are ccaanraonly found aligned 
along the crystallographic directions of chalcopyrite and are 
oriented in two directions nearly perpendicular to each other 
(PI. VII, Fig. 2). 
Colour J Creamy yellow with pink tint. 
Anisotropisin « Distinct. 
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Etch reactions 
lamo^ KOH 
HKO. 
KgCrgO^ ^ HgSO^ 
CrjOg -i' ncx 
PoCitiVG -
) 
) Kogativo 
darkens rapidly 
tamlshos 
darkens, continued otching caused the oblltratlon of the minQral 
niXlorlto 8 MIS 
nillorlto occuro genorally .in -tho form of fin© neodios 
and caicnonly at tho margin of chalcopyrito« Occasionally it 
hao tho sub-parallel orientation xjith reoocct to tho crysta-
llographlc direction of chalcopyrito and mostly tho needles 
ere radiating (PI, VII, Pig, 3), T^ne length of tho noodles 
varies frcsa 0,03 nm to 0»8 
Colour 8 Crooia to llgUt yollotj. 
ilaflccti.vity s Ilicih, 
Anisotroplsm s Weak 
Etch reactioae 
HMO 3 
Agua regia 
KCl 
KOH 
Positive - stains brox-m 
stains brotm 
stains brovm 
Negative 
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Molybdenite t MoSg 
Bent or teJlstcd flaltos and needles of nolyMenito are 
found generally in association witli the gangues and occasionally 
oriented along the schiotusaity piano of the host rode. Soraetiines 
molybdenite occurs tjithin the fractureo or intergrannular spaces 
of chalcopyritc:, Thio roineral io coraparatively loao in 
abundanco in the ccsntral cect^r tlmn in the Goutlimistom 
sectoro 
Colour 8 Pure will to. 
Reflection c Uigh, 
Anisotropisia s Strong - ^ jhite tilth pink tint, occaoionally deep blue. 
Etch reactiono 
I®03 ) Positive • staliSG faint brotm 
H C l ) KCIT ) S'eGl3 ) negative 
HgCl2 ) KOM ) 
V i o l a r i t e t 
Violarite contributes a very little amount to the sulphide 
ores. It la pale ifhite iu colour with a tinge of violet and 
occtirs in rounded to subro\inded form though a fevr grains have 
irregular outlines. Most of them are confined to pyrrhotite 
and a few to the chalcopyrite grains. 
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Colour I Pale white with violet tint. 
Reflectivity : High. 
Crossed nicolss Isotropic* 
Etch reactions 
HNOj ) Positive - darkens and effervescence. 
Negative 
KCN Feci-KOH ^ HgCl, HCl 
TellurbismUth s BigTe^ Tetradvmite t Di^Te^S 
Vellurbiomuth is commonly found in the form of subhedral 
grains. Scmotimes* it shows v^ell-defined pyramidal faces. 
Occasionally oxsolved totradyjnite in tellurbismuth occurs in 
the form of thin rim x-arhich apparently looks like soning. 
Colour s White. 
Reflectivity t High (higher than surrounding chalcopyrite but tellurbismuth is more higher than tetradymlte) 
Anisotropism s ^ eak 
Etch reactions HNO3 
PeCl, 
KCN KOH NCL 
Positive - stains deep brown, effer-
vescence. 
- stains brown. 
Negative 
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Bornlte « CUgffeS^  
Individual grains of bomito are subhodral to rounded 
in form. Xn nost cases,It io found occupying the grain 
bouadarioo of chalcopyrite« Sometimes, bomito is found filling 
tho fracturo spaces in chalcopyrite. On the etched surface of 
chalcopyrite, lamellar laths of bomito oriented parallel to 
tho tiJin liraellao of chalcopyrite are distinct. 
Colour 8 Dark blvic 
neflcctivity 8 Hoderate 
/inisotrooism c t'eal; 
Etch reactions 
ir-03 
iCgCrgO^ -i^ rigQO^  
laio^  -f cuso^ 
:ici KOH ITaOH HgSO^ (conc.) 
Poo^ -tive - tamiohos broiminh yellm7# offervoccence• 
- tarnishes hrcmalDh yollo:?. 
- tamioheo brovm* bringa out tho twin plane and lattice growth on chalcopyrite. 
« tamisheo dxill hzoim. 
IJegative 
ChalcocitQ i CUgS 
Chalcocite shows deep blue to bluish colour and esshibits 
strong anisotropism. It is foxand generally along the periphery 
of chalcopyrite grains (Pl. VIII, Fig. 1). The scattered grains ^ 
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chalcocite aro sometimes fotind embedded in the gangue minerals. 
Colour 8 Grey to blxiish grey 
Crossed nicols < Isotropic but occasionally shows feeble anisotropism (dark grey to feeble bro;-midi grey in oil) 
Etch reactions 
III9O3 (lei) 
F0CI3 (Ijl) 
KCI5 (20 %) 
H C l ( 1 1 1 ) HQCI5 (sat,) 
KO!I 
Positive - strong efforvescence^ stained bluish blncls. 
- stained bluish grey. 
- quicltly turned blade« 
negative 
Galena s I'bC 
I?csw disoerninated and minute auhedral to stsbroundod grains 
of galena aro found embedded in chalcopyrito. 
Colour t vniite» 
iieflectivity t High, 
Cror.sed nicols s Isotropic, 
Etch reactions 
HNO-, (iJl) 
HCl (1:1) 
FeCi^ (1:1) 
HgClo (sat.) KOH (sat.) KCN (20 %) 
Positive - quiC'Cly stained blue black without any effervescence. 
- tarnishes brox/n to irri-descent. 
- stains irridescant. 
negative 
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Haonetltc 8 Fa^^o^^^O, '4 
nagnctito bolng umially eoeociatGd tjltli tho sulphide ores 
ie fcmnd moro obundoniay in tho central ccctor than in the 
aoutheestern ccctor, Xt occuro as diocrotc at^ tomorpliic cryctals 
aligned generally along tho schistoolty pianos of tho host rock, 
5!ho Diso of tho grainc rangeo frcrn 0.5 m to 2»0 rsra in diamotor. 
Socnotimca, it io voinsd and rcplaccd by chalcc^yrito* 
Colour t Groy* 
RoflGctivity 8 nodnrato 
CrosDod nicols s Isotropic, occaoionally grain ohapo recognis€iblc. 
Etch roactions 
KCl (conc.) ) Pooitivc - broim etains 
IICI (hot) j " blaclccno and dicoolvoo quickly 
Kcl^ ) negative 
The ore isinorals including their c3ccolv3u laroducte 
are chslccjpYritQ (ctibanita and valeriite £ollOw-cd by pyritc 
(••/raarcasito nrasent locally) , p>;rrhotite (pentl'-utlite 
and violarito) are dominant in the stilphide ores. Ophalarite* 
uiagnstito (llraenite) chalcocite, bomite* raillerite, galena, 
tellurbisiauth and tetradymita are tlia associated minoi: ore-
minerals. 
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i4eta[norphism 
General Statement 
Metomorphicra of the suiphldo ores and thoir host rocko 
Is presumably intor-rclated'and the ores fjenerally follot? the 
same common laws of metamorphism as those of host rocks. This 
has been demonstrated by the motamorphosod sulphide deposits 
from different geological ngea from Procambrian to 'tertiary 
(Vokes, P.K., 1969). I'he idea of HiGtrinorphism of Precanbrian 
sulphide deposits* which was first introduced by Carstons* 
(1931), has been accepted by the majority of the other later 
investigators (R^dhor, 1953af Domarev, V,C., 1956; HcDonald, 
J.A., 1967; Stanton, R.L. and Gorman, M., 1968; Stanton, 
1972; i-Iookherjee, a,, 1976) . 
atti^ apt has been laade to Identify the possible type of 
inetamorphism of the ores essentially based on their toxtural 
fsatxires, mineral assemblages, paragenesis and to describe 
briefly the trend of their metamorphism. 
Texture 
F o v i r d i s t i n c t t y p e s o f o r e t e x t u r e s w e r e i d e n t i f i e d u n a e r 
r e f l e c t e d l i g h t . T h e y a r e a s f o l l o w s j r e p l a c e m e n t , e x s o l u t i o n , 
a n n e a l i n g a n d d e f o r m a t i o n a l t e x t u r e s . 
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Replacement texture 
Th<2 replacement texture ie evident along grain boundaries, 
cleavage planeo and fracture spaces* generally betvrcen the 
adjacent pairs of minerals. S?he development of pyrrhotite 
within pyrite as well as the conversion of pyrite to niercasite 
(see PI, V, Fig# 2) is due to desulphurisation of pyrite as a 
result of regional raetamorphisin (Harrison, J.M., 19501 
Friedman, 1959j Gainmon, J.B., 1966). Chaicocite replaces 
chalcopyrite along its grain boundary and/or fracture spaces. 
Convo:ss margins of chalcopyrite ore partly replaced by the 
second generation of pyrrtotite (see Pi. VIII, Fig. 1)^ . Chalco-
pyrite replaces the first generation of pyrite (massive type) 
whereas the second generation of pyrite (idiomorphic) in the ore 
has no such replacement relation witli chelcopyrito (see Pi. VIli, 
Pig. 2) . Pyrrhotite is also replaced partly or fully by 
pcntlandite (see Pl. VI, E'ig. 2) • I^'ho soning of pyrrhotite 
(Pi. VIII, Fig. 3) has been manifested by the development of 
successive bands of dark and light colours and which is 
probably the effect of pyrite-pyrrhotite transformation 
(McDonald, 1967) believed to have been caused by metainorphism 
(Dechow, B. and Jensen, H.L., 1965). These mineraloglcal 
changes are supposed to be the characteristics of tha dynamo-
theraial metaniorphism related with the re^jional metamorphism 
(McDonald, 1967). The highly fractured grains of magnetite 
aro often partly or fvlly replaced by chalcopyrite. 
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Exsoltttion texturo 
CubaaitQ occur© ap a platy mlnoral having singlo or 
coiiQ?103c lamollQo along the plane (111) of chalcopyrlt© and 
this lamellar atructuro euggosts tliat cubanlto exsolved directly 
into the orthorhomblc form (7holo# 1976) • The oxoolved 
valoriitQ io generally found in tho piano (111) of chalcopyrito 
and occacionally cutting ccroos cubanito, taio lamollar 
structuro in cubanitc io indicative of the offset of rotro-
groGoive motamorphiera, Pleiaco or oub-hedral grains of 
ponttendite occur aocociated with pyrrhotlto moctly along the 
grain boundaries of tho latter (ooo Edijard, 19(35) • !?hio 
io one of the ojssolution tcmtureo related to mstamorphisffl ao 
ouggootcd by Vol;oo (1969)« 
Annealing texturo 
Tho various process by which ©traixii energy io released 
from deformed graino c.ro Icriotm as annealing (Stanton, 
and Gorman, H,, 1968). ITho annealing tescture has been 
identified by triple point junction, various twinning of 
chalcopyritG, 3\ib-griiin formation and recrystalliaation. 
Annealing is generally accompanied hy a rajulariaation of 
grain slopes and an increase in grain slz3» Ih3 grculuc of 
chalcopyritG (see Pis. V and VII, Figs. 3 and 1) and pyrrhotite 
(see PI, Vl, Fig, 1) exhibit triple junction point in which 
the junction angles ran,:e from 115°-120° exceiJt in tlie case of 
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chalcopyrite» in which the pentagonal dodecahedron is not 
defined possibly due to the audden cessation of annealing. 
The lamellar and lanceolate twinnings in chalcopyrite were 
probably formed vrhen the strain energy has been released fran 
the grains (see Stanton and Gorman, 1968; Kelly, W,C, and 
Clark, B.R., 1975). 
The tapering of twin lamellae before the grain boundary 
is reached is an indication of annealing twinning (Stanton, 
1972). He also considered that those types of twinning were 
formed during thermal metamorphism. The subgrains are recog-
nised from their different anisotropism and are mainly found in 
pyrrhotite and chalcopyrite showing annealing texture. In this 
present case, the grains of pyrite, and pyrrhotite have attained 
considerable size due to recrystallization and the formation 
of idioblastic pyrite in chalcopyrite (see PI. IV, Fig. 3) may 
be taken as an evidence of dynamic metamorphism (see Ramdohr, 
1969; Vokes, 1969). 
Deformational texture 
Chalcopyrite, pyrrhotite and pyrite are g e n e r a l l y 
deformed in the direction of the schistosity of the host 
rocks. The elongated pyrite grains do not show any well-
developed crystal faces as unlike the idioblastic pyrites 
which are less deformed. Some examples of elongated pyrite 
have been ascribed to syn- to post-crystallization deformation 
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(Zavaritsky, 1950; Kanehlra, K., 1959j Page, 
1963; Vokes# 1963)• Sometimes, £oldlng, elongation and deve-
lopment of nultiple radial fractures in pyrite (seo PI. V, 
Fig, 1) aro taken to bo the offoct of deformation (Mooliiierjee, 
1971) • S?ho olot; rato of strain io tho possible roacon of this 
typo of doformational features (Graf» J.L. Jr. and Skinner, 
B.J., 1970). Bent and displaced cubanite e:£colution lat:io in 
chalcopyrito (ceo PI. VIX, Pig, 1) and display of translation 
tuinning of chalcoK/rito (Pi. XX, Pig. 1) indicato Kdnor 
aeformational toxturo. Tlie possible e:5plQnQtion for tho 
proDonco of chalcopyrito in the raicrofracture cpacoc of pyrite 
(PL. 12:, Pig. 2) has been explained as duo to diffusion of the 
fojraaer in tlie latter (llookhorjco, 1971). 
Sfai^eraturo 
The exsolution texture of certain ore minerals often 
provides some evidence for their possible temperature of 
formation. Cubanite is considered to be an accurate geotlier-
mometer for at higher temperature much FeS is soluble in 
chalcopyrito and the temperature at tvhich vinmixing of cubanite 
occurs was foiind to be in the range of 250°C - 300°c (Ramdhor, 
1969) * Cubanite assumes orthorhombic habit below 213°c 
(Yund, R.A. and Kullered, G., 1966). The formation of valeriite 
has been alt-zays later than cubanita and the teraperature roughly 
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ranges botwoen 200*b- 250®C, as it has bocn observed that 
valerlltQ laths invariably intersect cubanito lamellae. The 
preservation of cubanito lamellae further suggests that tho 
stress conditions were relatively stable since their formation. 
The formation of pentlandite exsolved from pyrrhotite indicates 
the temperature range either upto 425®C (Ingerson/ 1955) 
or 450°C (uateraan., 1950) • Hotraver* the estsolutlon la 
not always considered dlagonstic of tcsaperature gradient 
because tlie presence of magnetite suggests their formation at 
higher tenporaturo and ^ e oa:solution of ilraenito in csagnetite 
talces place at 400®C to 500®C (Thole, 1976) • 
In sum* tho exsolution tortures and the mineral assenCalages 
suggest that the temperature of ndnoraliBation of sulphide ores 
reached upto 450®C ,,and subsequently they attained equilibrium 
approximately at not more than 200®C, probably during the 
retrogressive stage. 
P a r a g e n e s e s 
An attempt has been made to present the parageneses of 
the ore-forming minerals on the basis of their assanbles and 
textural characteristics as follows (Table 10) • 
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TABLE 10 
TlniQ Late tlineraXs Early Primary Secondary 
Macmetito 
Iliaenito 
Molvbdonito 
Sphaiorito 
7eX lurbi amith 
TetradyraitQ 
Arsonopyrito 
Pyrito 
Marcaslte 
Pyrrhotlto 
PontlanditQ • W e a k * ifciiiM 
Violarito 
Chalcopyrito 
Chalcoclto 
Bomlte 
Covellite 
Cuban!te 
Valeriite 
Miller!te 7 mm rnmm 
Galena 
Chapter - VI 
GEOCHEMISTRY OF THE ROCKS AND ORBS 
A» Geochemlstxy of tho rocks 
The major oxides and their distribution in tho shear gone roclcs 
The distribution, variation ranges and frequency trends 
of the different oxides ccKnposlng tho rocJc types encountered 
in the study area (Table 11, Figs. 5A, B) are described as 
foliates: 
Silica (siOg) - Silica is fairly variable and shot;s a unimodal 
frequency trend in tho feldspathic rock and chlorite-quarts 
schist. It may be further noted that tho silica content is 
usually higher in the feldspathic rock as well as chlorite-
quartz schist than in biotite-quartz schist and chlorite-
quartz schist. 
Titania (TiOj) - In all the rock types titania shows a x^ ide 
range of variation with bimodal frequency characteristics in 
the feldspathic rock and chlorite-quartz schist. 
Alumina (AlgO^) - Alumina being moderately concentrated in the 
feldspathic rock as well as in the chlorite-quartz schist 
97 
E3 
98 
5 
o e 5 2 \ o „ £ 
1° i 
s 
-J^ .l 
Z p 
rr 
EZ 
^ < S? I
O Q. U t 0 . a : O u . < j 
8 s 
- I v O 
J-
a 2 
J 
> O O O ' ) ^ r C M 
iu»3jd,j 3^Udnbdjj 
i B 
lO 
O I/) 
cc y 
I" 
s 
~ < i r L f 
99 
indicates unimodal frequency txends. Its variation range in chlo-
rite~biotite schist and biotite-quartz schist is» however, moderate. 
Alkalies (WagO and KgO) - Soda in feldspathic roclc shows a wider 
variation with iinimodal characters. Also in chlorite-quartz schist 
(0.35-4.45) it varies t'rf.dely with bimodal characters. In other 
rock types, viz., biotite schist, biotite-quartz schist and 
chlorito-biotite schist its variation ranges are narrow. 
Potash shows a wider range of variation than soda with bimodal 
characteristics in feldspathic rock but unimodal in chlorite-quartz 
schist. On the other hand in biotite schist and biotite-quartz 
schist it has a relatively narrow range ifhile in chlorite-biotite 
schist its variation range is again wider. 
Calcium oxide (CaO) - Calcium oxide content in fcldspathlc rock or 
in clilorite-quartz schist shows a wide variation vrith bimodal 
characteristics whereas in biotite schist, biotite-quartz schist 
and in chlorite-biotite schist the range is relatively narrow. 
Magnesia (MgO)- The variation range of magnesia In most of the 
rock types is narrow except in chlorite-quartz schist, in which 
it is raoclerate Xfith unlmod.\l characters. 
Ferrous oxide Ct'egO^ ) and Ferric oxide (FeO) - FOjO^ in feldspathic 
rock shows a moderate variation with bimodal characters whereas 
FeO has a wider variation range with unimodal characters. 5*6202 
and FeO in chlorite-quartz schist show unimodal characters with 
narrow and moderate variation respectively. On the other hand, 
both the oxides in biotite schist and chlorite-biotite schist show 
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narrow variation. In blotite-quartz schist Pe2®3 n^^ ^^ cates narroif 
while FeO shows wider variations. 
Manganese oxide (MnO) - The range of ;^ nO in foldspathic rock and 
chlorite-quartz schist is wide and charactoristically biraodal and 
unimodal in the above roclcs respectively. In biotite schist, bio-
tite-quartz schist and chlorite-quartz schist its variation 
ranges are also wider. 
Phosphorous pentoxide Generally, poorly repre-
sented in most of the rocK types. It shov/s a wide variation range 
and bimodal characteristics in feldspathic rock and chlorite-quartz 
schist whereas in biotite schist, its variation is narrow (0.13-
0.19). The constituent shows vride variation range in biotite-quartz 
schist and also in chlorite-biotite schist. 
Loss of ignition - The LOI in all rock types is usually lovj and 
varies within narrow ranges. It has xonimodal characteristics. 
Major oxides in the rocks of southeastern sector 
It is evident that the host rock of the southeastern 
sector shows appreciable variation in their major oxides 
constituents. The major oxides are being dealt individually 
V7ith a view to presant and discuss their mutual geochemical 
relationship in terms of abundance and variation. The analytical 
data of the major oxides of feldspathic rock is presented in 
table 1^ :. The chemical compositions of some well-known acidic, 
pelitic as well as basic rocks of other parts of the world have 
been quoted for the sake of comparison and a better understanding 
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of the geochemical nature of the rock types under study 
(Table 13). None of the chemical data of the rocks of the 
study area compares v/ell with the knovm data of granitic, basic 
\ or politic rocks, Hov?evor, the abtindance of some constituents 
in the present rocks follows closely some basic rocks so far as 
their ferromagnesium constituents are concerned. The sample 
locations of the feldspathic rock has been referred to the 
tesct with rospect to their spacings from the lode such as* ai7ay 
fr®n» nearer to# and nearest to the lode# as shown in table 15 
and figure 7. 
Feldspathic rock 
Silica - An attcanpt has boon made to determine the mutual geo-
chemical relation of silica with other oxides. SiOj shov/s 
strong negative relation with KagO, ^©2®3 ^ ^ v/eak or 
insignificant negative relation with AlgO^, MgO, CaO, TiOg 
and PjOg (Pig. 6A). 
From thu above observation, it is imperative that SiOg 
replaces partially the above oxides except MnO. The Si02/Al202 
ratio of the individual rock samples decreases towards the lode, 
iJagO shows increasing values with decreasing concentration of 
Si02 and this is generally the tendency in the rock samples 
upto the vicinity of lode (e.g., at the 26th level). However, 
the gneissose variety of the rock having low concentration of 
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NagO, does not show any such variability v/lth respect to SlOg 
content. Both the oxides of iron also indicate an increasing 
tendency with the increase of SiO^. Though the coefficient 
correlation of SiOg and MgO does not show much significant 
relation, yet with the increase of SiO^, the regression trend 
is linear. The relation betijeen SiOg snd itoO is positive and 
fairly prominent. The general characteristic feature of 
s i l i c a is its g r a d u a l depletion in the r o c k s i n c l u d i n g c o a r s e 
feldspathic schist occurring towards the lode. Further 
evidences of s i l i c i f i C Q t i o n of the h o s t r o c k is provided by the 
unimodal characteristic of silica in term of frequency dis-
tribution (Fig. 5A). 
Alumina - The average value of AlgO^ in the rock is slightly 
lower than its average in granitic rocks of Nockolds, S.U. 
( 1 9 5 4 ) and the average pelitlc rocks (Table 1 3 ) of Shaw# D . m . 
( 1 3 S 6 ) . The low AlgO^ content in feldspathic rock indicates 
that its concentration remained almost unchanged after the 
rock had undergone soda-metasomatism. Its coefficient correla-
tion with other oxides (Table 14) does not indicate any signi-
ficant relation. However, alumina shows only minor variation 
particularly, in the rock samples close to the lode although 
alumina is considered to be chemically stable during any 
metasomatic process (see Mehnert, K . R . , 1 9 6 8 ) . 
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Tltanla - The average TlOg in the rock Is fairly close to that 
of oxide in granite rock (0.37 per cent, iMockolds, 1954), but 
less than its average in high calcium granite (Turekian, K.K. 
and Wedepohl, K.H,, 1961), and appreciably higher than in low 
calcium granite (op» cit.) . However, in comparison to average 
basaltic rocks of Hockolds (1954) and average pelitic rocks of 
Shaw (1956), the rock, xindor study, shows much depletion of 
TiOg (Table 13). The antipathic relation (Table 14) of TlOg 
(Ti ionic radius 0.69A°) witli I^ OgOg (Fe^ '*', ionic radius 
0.67A") may b© due to replacement of the latter by the former. 
This is rather an unusual feature as the weak correlation 
coefficient does not indicate any such replacement relation. 
Moreover, it is kno;/n that TiOg remains mostly immobile during 
the processes of alteration and metascxnatiem. Xta strong 
positive relation with P2®5 ^ unique feature showing chara« 
cteristic coherence between the tvjo constituents (Table 14) . 
Vogt, J.H.L, (1931) suggested that phosphorous followed very 
closely the course of titanium during the magmatic differentia-
tion. It may, therefore, be possible tliat these two constituents 
had similar coherence in the parent roc3i provided TiOg reiaained 
immobile at any stage of metasanatism. 
Ferrous and ferric oxides ~ Both the oxides have appareciably 
high valu :2s in the rock nearest to the ore zone (Table 15) , The 
PeO content, however, has much higher concentration in granitic 
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and other igneous or politic rocks (Table 13) ^ though the level 
of concentration is less than that of the basaltic rocks 
(average 5.70) of Wockolds (1954)• The coefficient correlation 
betvreon ^ ^ shows a strong positive relation (Table 14) 
which is an indication of higher state of oxidation. Although 
the Fq^O^/FqO ratio is insignificant yet the rock samples 
nearer to the lode give an indication of higher state of 
oxidation (Table 15) • This may have probably aided the 
conversion of biotite and chlorite to their green and brovm 
varieties and vice versa (see Deer« et al., 1963). 
Alkalies iVSa^ O and K^O)- A fairly higher concentration of HagO 
is certainly an unusual character of ^is jcN^ k. Prom the 
table 13 it is evident that tlie concentration of WQg® 
rock is higher than ±n the average granitic rocks or the 
basaltic rocks but significantly higher than the average politic 
rocks. About 75 per cent of the samples show 3 to 5 weight 
per cent of iv^ agO. Therefore, the Introduction of additional 
Na20 is obvious in raany of the samples* specially in those that 
were previously impoverished in this constituent (see Mehnert* 
1968) . It has been observed that NSgO content Increased nearly 
by 4 to 5 weight per cent mainly with the increase of sodic 
plagioclase upto 45-60 by volxime per cent (see modal analyses. 
Table 9). Therefore, high soda content justifies the nomen-
clature of the rock as 'feldspathic rock' instead of 'soda 
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granite', an opinion which waa also suggested earlier by 
Talapatra (1969) on the basis of higher contont of soda. In 
some rock sauries belonging to the granitic variety, lla-0 is A 
3 to 4 times higher than K^O only with the exception of its 
gneissoso variety having a much lov/or concentration of NagO. 
HagO in the foldspathic roclt samples collected away from the 
lode hav© lower concentration than in the granitic and 
gneissic rock samples. It is, therefore, evident that the 
variation of the alkalies in the schist, gneiss or granite 
does not have any significance as far as the abundance of the 
constituent is concerned. 
The average KgO value of 0.72 weight per cent in the host 
rock does not show any significant difference with those of 
other acidic, basic or pelitic rocks (Table 13). Tlio weak 
coefficient correlation botx-yeon Ila^ O and K^O (i^ able 14) also 
suggests that their relation is insignificant. Such a feature 
possibly indicates that daring nodn raetasmatlsa nuch of 
potash (K^O) remained almost txnaffected. Na:K ratio (4.75) in 
the feldspathlc rock is rnuch higher than that of normal granite 
(see Daly, R.^,, 1933). The limited field of ratios 
in the rock shows that it has practically nothing In comiuon 
with the differentiated granite in which the range from a low 
soda/high potash to high potash/low soda ratios is wider 
(Mehnert, 1968). l^e average ratio of ma^o/K^O (9.17) of some 
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s a m p l e s nearest to the lodo is lower than that of rock av;ay 
from the lode (Table 15). There is a gradual increase in the 
abundance and doiTiinance of soda over potash with the spatial 
distance of tho rock samples from the lode. The increasing 
preponderance of sodic minerals in tho rocks closer to the 
lode is indicative of soda metasomatism. 
Magnesia - MgO in the foldspathic rock is appreciably higher 
than in feome other acidic rocks of the world (Table 13)• About 
69 per cent of tho foldspathic rock samples have 3 to 5 weight 
per cent of KgO content. However, in comparison to tho average 
basaltic rocks of Nockolds (1954)# the host rock has lower 
concentration of MgO. Only tho host rock nearest to the lode 
is comparablo with the knotfn basaltic rocks (op. cit.) on tho 
basis of their IlgO concentration. 
The average ratio of MgO/Ja^O K^O (Table 15) in the rock 
away fron tho lode is 0.86 and the rock naarest to the lode has 
also almost identical average ratio of the constituents. MgO 
dominates only in the rocks which are nearer to the lode 
(Table 15), Evidently, the alkalies dominate over magnesia 
in the rock or in other words sodic plagioclase appears to be 
on the higher side in tho rock. 
The FoO/WgO ratio in the different samples of the host 
rock.taken from different localities away from the lode, does 
I 
not shoxiT any significant variation trend. The rest of the 
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constltaonts, vis»# which occur in minute 
quantities do not also shot/ any sigplficant variation with 
chango of location vjith respect to the lode. 
The variation trends of the oxides in the host rocks 
sampled from different locations from the lode towards the 
host rock (Table 15# Pig. 7), as dlocuooed above, are summarized 
beloi^ i 
1. There is a gradual depletion of SiOg totfards the lode. 
2. There is a marginal reduction of lode. 
3. A slightly increasing tendency is indicated by KjO and decreasing tendency by TiOg tovmrds the lode, 
4. HnO Indicates a slighly Increasing trend av/ay from the lode. 
5. The concentration of total iron decreases away from the lode and this is particularly true for PeO. 
6. KgO decreases in its concentration aifay from the lode and likevjrise iiagO has a decreasing trend. 
7. CaO shows a decreasing tendency tOvfards the lode though 
the difference in average value is marginal. 
8. Indicate any particular variation trend. 
Biotite Schist - On the southeastern sector of the study area, 
there is a narrow and thin band of biotite schist uhich lies 
in gradational contact with the Dhanjori volcanics on one 
side and to some extant sharp contact with the feldspathic 
rock on the other. This rock unit shows some mineralogical 
and chemical differences with the feldspathic rock. 
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The distribution of major oxides, their average values 
and variation trends in different samples of the rock have 
been indicated in table 16. 
An attempt has been made to compare and contrast the 
major oxides of biotite schist with those determined or 
known from Dhanjori basalt and also with some other basaltic 
rocks of the world (Table 17) . 5?h© biotite schist has 
appreciably higher concentration of silica than that of 
Dhanjori volcanics or other basalts {:3ockolds, 1954; 5?urekian 
and Uedopohlt 1961) and lower than that of average pelitic 
rocks (average 61.54) of Shax; (1956) , 
The average AI2O2 content in biotite schist is signi-
ficantly lov;er than the average pelitic rocks of Shav/ (1956) • 
Its average value is unusually lower in the basalts (nockoldst 
1954) than in biotite schist but tliere is a little difference 
of betv/een the rock and the average basalts (Turekian 
and Wedepohl, 1961). 
The average TiOg content in the rock is not similar to 
that of either Dhanjori basalt or other basaltic rocks (Table 17) 
but it is closer to that of feldspathic rock, 
A comparison of the total iron (PegO^ -:- FeO) contents 
between biotite schist and Dhanjori basalt shows that the 
former has lower concentration of iron than the latter, in 
the biotite schist the total iron is aliaost similar to the 
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average recalculated total iron in basalts (OJurekian and 
Wedepohl# 1961) though it is lower than those of basalts of 
iJockolds (1954) as well as pell tic rocks (average 6,44 weight 
per cent) of Shaw (1956)• 
The average MgO content of the rock matches vyell with 
other basaltic rocks of the world (Table 17) though it is on 
the higher side as compared to average MgO content in Dhanjori 
basalt which indicates a tendency towards higher values of MgO. 
Moreover, the average value of MgO is definitely higher in 
biotite schist than in feldspathic rock and also it is 
significantly higher than (average 2.52) in pelitic rocks 
(Shaw, 1956). 
Almost similar variation trend of WajO as of MgO in the 
biotite schist as viell as in other basaltic rocks, as stated 
above, makes them comparable. However, this is not true in 
the case o£ feldspathic rock in which the soda content is 
higher than in biotite schist. The average K^O value (1.76 
weight per cent) in biotite schist is appreciably higher than 
its averages reported from basaltic rocks and also from the 
Dhanjori volcanics (Table 17) but lower than the average in 
pelitic rocks (3.45) of Shaw (1956). Appreciably higher potash 
content in biotite schist is obviously due to the presence of 
more potassic minerals than in other rocks, which is also 
substantiated by petrographical studies. 
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As far as the CaO contonts in biotite schist and basic 
roc^s including Dhanjori volcanlcs are concerned, they are 
not comparable since the IQtter have much greater abundance 
of CaO than the foinmer. Apparently, lime defficiency in 
biotlte schist may bo duo to higher proportion of biotite than 
hornblende in the rock. 
Interestingly* the average MnO and PgOg values are more 
or less consistent in the biotite schist as vrell as in all 
other rocks tinder study and ccanparison. 
Discussion 
In sum, it may be stated that the geochemical abundance 
of some major constituents in biotite schist like thtal iron, 
magnesium and the alkalies have more or less the same average 
values as in normal basaltic rocks. The above major constituents 
are found to be similar with those of Dhanjori volcanics as 
far as "Uicir average concentrations are concerned. Hovrever, 
the constituents do not have any such conformable relation 
with thoso of politic rocks. The higher amount of silica in 
biotite schist may be explained as due to the effect of 
moderate silicification, the evidences for which may be seen 
otherwise in the mineralogical composition of all other i?/ 
associated rock types of the study area. The h^h concentration 
of oxides of iron and magnesium in biotite schist than in 
feldspathic roc3c is obviously due to higher amount of mafic 
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minerals in biotito schist. However, the similarity in 
abundance of sane of the oxide conatltuants of biotite schist 
tjith those of Dhanjori volcanics probably suggests a close 
genetic relation between the two rocks. Possibly there was 
some elemental readjustment and redistribution initiated by 
later metasomatic process which partially transformed the 
part of Dhanjori volcanico lying dose to the shear zone rocks 
to biotite schist to a certain extent. Earlier, Sarkar (1967) 
has also esqpressed a smilar view regarding alteration of 
Dhanjori volcanics to biotite schist in the shear zone of 
Mosaboni due to metasc»natism. 
The major oxides in therocks of central sector 
General Statementt 
The chlorite-<5[uartK schist, being the host rock of 
sulphide ore in the central sector, has two lithological 
variants, viz., chlorite-biotite schist and mylonitized biotite-
quartz schist, which have not been mineralized. The rock unit 
and its lithic subunits are analysed separately for the 
determination of their major oxides for determining their 
geochemical characteristics. 
There are several impersistent bands of conglomerate on 
the southeim side of the area, vrtiich arc demarcated by the 
chlorite-biotite schist composiag the top of the formation. 
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The chlorlte-Motlte schist which is in gradational contact 
with the Dhanjori voicanics on its southern limits, grades 
imperceptibly into chlorite-quarts schist occurring on the 
northoTO side. The narrovj band of mylonitized biotite schist, 
a variant of the host rock, occurs on the northern side of 
chlorite-quartz schist. 
The sampling of the host rock has been made as far as 
possible systematically along and across its strike at regular 
intervals and depending upon the availability of good rock 
exposures• 
The analytical data of tUie major oxides of chlorite-
quartz schist is presented in table 18. The plots of frequency 
per cent histograms of the major oxides in chlorite-quarts 
schist have been ahmm in figure 5B. 
The variation trend of the different oxides in the samples 
of each roc3i unit and its subunits are represented individually 
by variation curves (Fig, 8). The geochemical characteristics 
of the chlocite-quartz schist are discussed separately whereas 
those of chlorite-biotite and biotite-quartz schists are dealt 
together. The analytical data of the major oxides of chlorite-
biotite schist and biotite-quartz schist are presented 
separately. The frequency range and distribution trends of the 
oxides constituents oi; chlorite-quartz schist are shown in 
table 11. 
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Chlorlte-«cniarta schist 
The sample locations of the rock are categorised broadly 
into three groups depending on their distances trc&a tlio lode 
in order to present their chonical characteristics and variation, 
if any. 
The undergrotind samploo of the rock §re collected 
carefully as far as aisray from the viciblo sulphide minoralisa-
tion in order to avoid any sort of contamination of ores t/ith 
the rock samples. 
The major oxidoo which havo relovanco to the present 
study with particular reference to their chcmical character-
istics # have been diecueaed and compared \jith the same oxides 
known from other rocks having similar chemical nature. 
So far as the average value of AlgOj is concerned, the 
host rock is conparablo \id.th the basaltic and politic rocks. 
3102/^1203 ratios in the host irock vary from 3.85 to 18»41 
(Table 15);, and the average being 6.21. It is clearly evident 
from the table 15 and figure 3 that as the 
ore zone is approached. It may be therefore, generalized that 
in the host rocJ-: as v/ell as in the feldspathic rock of the 
southeastern sector, ® tendency to decrease in 
abundance towards the ore zone. 
The schist has higher concentration of total iron (FegOg-:-
PeO) than in average basalt and still higher than in average 
pelltic rocks (l^ble 19). 
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Generally* PegO^/FeO ratios with a narrow variation between 
0,35 and 0.74 and an average of 0,48 (Table 18) indicate a 
higher state of oxidation (soe Deer et al,, 1963). 
The decrease in the PegO^/FeO ratios is chlorite-quartz 
schist encountered vertically from the surface to underground 
sections closer to the lode is an indication of diminishing 
ctato of oxidation of rocks downwards. The average value of 
TiOj (0.26 weight percent) is quite different from the average 
of TlOg either in basaltic rocks or pelitic rocks (Table 19). 
MgO V7ith a variation range from 4 to 8 weight percent, and with 
an average value of 4.23 weight percent, is lower than that of 
the average basalts and considerably higher than that of 
average pelitic rocks (Tablo 19). Strikingly, the averagd MgO 
content in chlorite-quartz schist is very similar to the 
feldspathic rock, Vho average ratio of PeO/MgO, which varies 
in the rock from 0,83 to 4,28, is 1,83, The ratios decrease 
with the iucroasing distance of the rock from the lode, 
J e n e r a l l y the rock has little of CaO and this lime defi-
ciency .nay be attributea to s e l e c t i v e replacement of lime in 
lime bearing minerals ( e , Q . , hornblende, augite, clinogiosite, 
etc*) in courae of silxcification fcflJLowed by limited altera-
tion. 
Coefficient correlation tablo 20 indicatan that KgO 
has negative relation v/ith MgO and positive with ieO whereas 
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MgO has positive relation with FegO^. Alteration of ferro-
magneslum minerals (biotite, chlorite) was probably facilitated 
duo to such relations among the abovo constituents. 
An attempt has been made to define the geochemical relation 
of SiOg with other oxides (Pig. 6B) • SiOg does not show any 
comparable quantitative relation with roost of the other oxides 
in the chlorite-quarta schist. The fairly 8trx>ng antipathic 
relation of SiOg with total iron (Fe^ Og-s- PeO) and CaO 
may bo C3q?lained ao due to significant silicification of the 
rock and accompanying roplacemont of the above constituents 
by silica. In comparison to the Icnovm basaltic and politic 
rockst the concentration of KpO in the rods is appreciably 
higher and that of WagO is considerably lower, i'he KgO/l^ lagO 
ratios tfhich vary from 0.03 to 1.56 have a tendency to diminish 
gradually towards the lode. In the chlorite-quarts schist 
adjacent to the lode, yagO dominates over KgO though the rocJc 
is generally defficiont in alkalies as coiuparoa to the 
feldspathic rock. 
The variation trends of the various oxides in the host 
rock collected from the different locations with respect to 
lode are presented in table 15, figure 8 and summarized as -
1. SlOg decreases towards the lode. 
2. Tie2 content Increases tox-yards the lode, 
3. 3 increases away from the lode. 
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4. Total iron has increasing tendency toifards the lode. 
5. There is a gradual increase of MgO and CaO towards the 
lode. 
6. NagO increases marginally towards the lode whereas KgO 
has a reverse tendency. 
7. slightly higher concentration in the 
samples located avray from the lode. 
The variation trends of the above oxides in chlorito-
quarts schist have much in coauuon those of the feldspathic 
rodJc of southeastern sector. 
Chlorit^biotite schist and biotite^cruarta schist CMylonite) 
The two variants of the host rock, vis., chlorite-biotite 
and biotite-quartz schists (Tables 21 and 22, Fig. 8) show 
some raineralogical departures frcsn the main ivdst rock (chlorite-
quarta schist) as far as their chlorite and biotite constituents 
are concerned. 
An attempt has been made to define the chemical character-
istics of the two litho-units on the basis of their petro-
chemical studies. The chemical constituents of these two rocks 
(Table 19) are compared and contrasted with those of known 
basaltic rocks (Uocklods, 1954? Turekian and i^ e^depohl, 1961), 
the average politic rocks (Shaw, 1956) and also chlorite-
biotite schist with the adjacent Dhanjori volcanics (Table 17). 
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It is evident that total iron and MgO in chlorito-biotito 
schiet and biotitc-quarts schist boing higher than in chlorito-
quarts schiot# aro more coraparablo with thoso of average 
basalts rather than v/ith tho chlorite~quarts schiet. 5"hey 
oro also significantly higher t^an in the average politic 
rocJco, The average AI2O3 biotite-quarts schist is nearly 
similar to that of basalts of Turekian and iJedopohl (1961) 
but in the chlorite-biotite schist it is in excess of 3 per 
cent and significantly lov/er than in the politic rocks (Table 
19)• The average CaO content in biotite-quarts schist is 
more than double of that of chloritc-biotito schist and both 
of them are significantly loiirer than the average CaO values 
in the basalts including Dhanjori volcanics (Table 17), but 
higher than the average in chlorite-quarts schist and pelitic 
rockn. There is no significant difference in the average 
values of ^^^ among those rocks and the basalts 
of nockolds (1954) and aMrekian and VJedepohl (1961) or Dhanjori 
volcanics (Table 17) but strikingly they ara lower than in the 
pelitic rocks (Table 19). 
Discussion 
The marked difference in the abundance of certain oxide 
constituents which are common in either chlorite-biotite 
schist or biotite-quarta schist and the average pelitic rocks 
indicates that they are not geochemically similar. However, 
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the schlstoso rocks appear to be comparable with the known 
basaltic rocks so far as their total iron* magnesiun and alkalioo 
are concerned though the constituents are usually higher than 
those of chlorite-quarts schist. A close siroilarity in tho 
abundance trends of total iron, magnesixira and alkalies in the 
chlorite-biotits schist and Dhanjori volcanics may perhaps be 
duo to their genetic relation. Earlier, Banorji (1974) regarded 
the rock unit as the mctemorphoocd equivalent of Dhanjori 
volcanics. 
Alteration trend of the host rocks 
i'he terra 'wall rock ali^ration* is mainly used in 
connection t/ith opiganctic hydrothermal ore dspositn but in 
the case of the volcanogenic type of oxilphido deposit, which 
is syngenotic in most cases, it is rather difiZicult to define 
the alteration as found in classical hydrothermal ore deposits 
(Meyer, C, and Ilamaly, O'.J., 1967) . In the present case, the 
effect of alteration in the host rocks is largely guided by the 
remobilizacion leading to redistribution of the various 
chemical elements involved. However, the alterat.lon zones 
adjacent to massive sulphide deposits in metouorphic rocks 
are commonly difficult to distingxiish from regionally meta~ 
morphosed covuitr/ rocks, particularly, belonging to the green 
schist facies. 
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The chloritlzatlon la more pronounced in the host 
rocks around sulphide lodes than elsewhere in them. The 
chemical composition of the rocks of the southeastern and 
central sectors indicate that the relative proportions of 
SiOg* "to^ s^ l ^oO)» MgO# CaO# KgO 
end 1132® such that they cannot bo compared favoxirably 
V7ith any regionally metamorphosed politic schists. 
Considering the associations of the aforesaid components 
with different mineral constituents like chlorite, sericite, 
biotite and feldspar in the host rocks* an attempt has been 
made to represent them in a four-component system in a manner 
suggested by Riverson, G. and Hodgson, C.J. (1980) and examine 
their chemical trend vjith regard to alteration, if any. For 
a better presentation, the tetrahedron of the four component 
systems have been unfolded in the form of four triangles and 
the major oxide components were plotted separately for the 
txfo sectors (Pigg, 9/WD, E-H) • All the eleir.ents have been 
determined after recalculating their oxides in order to 
examine their mutual chemical trends and significance in 
terms of alteration of the feldspathic, ferromagnesiuin and 
micaceous minerals. It is evident that most of tlie plots 
(Pig. 9a) fall nearer to Pe Mg comer indicating dominance 
of ferromagnesium minerals like chlorite over sodic feldspars. 
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In figure 9B the plots lying slightly away from the Ca •}• Na ~ 
Pe + Hg tie line suggest the presence o-: plagioclase and 
chlorite along with a minor amount of biotite. The trend also 
suggests the dominance of ferromagnesian minerals over Ca JJa 
minerals. The plots of biotite schist follow a trend almost 
similar to that of foldspathic rock (Pigs, B) . There is a 
gradual decroaoe of Ca + Ha touardo the Al-comor and a slight 
shift of Ca + lla end A1 trends touarda the K-comer (Pig, 9C), 
This indicatGo that plagioclaoe and muscovito have suffered 
practically no chcndcal alteration except that plagioclasc 
might have undorgono slight cericitication. 
The trend of plots of biotito schist is similar to that 
of feldspathic rock but vjlthout much indication of sericiti-
sation (Fig, 9C). 
Most of the plots of the host rock and biotito schist 
(Pig, 9D) do not show any positive trend except that they 
are concentrated in the raidway between and adjacent to A1 -
Fe + Mg tie line. 
On the other hand, it is evident that the plots of host 
rock (Pig. 9E) in the central sector are concentrated towards 
the Pe + Mg corner with none towards the Ca Na and Pe + Mg 
tie lines. Xhis situation possibly suggests the doninance of 
chloritieation and limited replacement of chlorite by biotite. 
The plots of chlorite-biotite schist are almost similar to 
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those of chlorite-quartz schist except that they have a 
greater shift towards the K-corner which is obvious due to 
the presence of biotite in tho rocK. In the case of biotite-
quarts schist, there is# hoi/cver, very little shift from 
the Ca + na and Fe + iJg tie lines, which suggests that there 
has been no alteration of the rock into cericite» It may, 
therefore, bo generally stated that all tho throe sxabunits of 
tho host rockshave nearly similar linear trends with increasing 
Fe • Mg and decreasing Ca -J- Ha, 
The plots of the host rock and chloritc-biotitc schist 
(Pig. 9P) do not have any specific trend. Hot/ever, the majority 
of them falling adjaccnt to A1 - Fe Mg tie line only indicates 
tho c:d.0tonce of biotite and perhaps with a little of plagio-
claso. Prom tho general trend of the plots (Pig. 9G) it is 
evident that the concentration is more towards the Al-comor 
than the Ca + l^a-comer. It is imperative that the micaceous 
minerals represented by A1 have d < » n i n a n C Q over feldspar 
represented by Ca -i- iJa, She apparent shift of the plots of 
biotite-quartz schist (Fig. 9H) towards Fe ^ Mg may be taken 
as an indication of increase of biotite and chlorite in the 
rock and gradual decrease of sericite. Though there is a 
little shift in the plots of the host rock towards the K-comer 
at the tail end of the triangle, they die out with a shift of 
the plots towards Fe + Mg-comer. 
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Discussion 
Prom th© general trends of tho major chemical constituents 
as indicated by their plots in most of the diagrams referred to 
above, it is somewhat obvious that the host rocks of both the 
sectors have more or less similar alteration trends. Though 
chloritization in the rocks* under study, provides an evidence 
of marked alteration as a result of increase in Fe and Kg 
constituents, yot sericitisation and biotitisation of the 
rocks have talcen place though oot to that extent as chloriti-
sation. KacGheon, P,J. (1978) also observed similar type of 
alteration trends in the host rocks adjacent to massive sulphide 
deposits of Matagami, Quebec, Canada. VJall rock alteration 
phenomenon associated with the hydrothermal sulphide ores 
was found to be most useful in interpreting the physical 
environment of ore deposition and soning of minerals in terms 
of the movement of ore fluids and formation of some specific 
Kones of alteration characteriaed by a particular set of 
mineral assemblages (Lowell, J.D. and Gilbert, J.M., 1970; 
Rose, A.W,, 1970; Meyer and Hamely, 1967). 
As far as the present case is concerned, the alteration 
of the host rocks has practically nothing in common with 
hydrothermal alteration as indicated above. 
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A n a l y s i s o f g e o c h e m l c a l d a t a I n r e l a t i o n 
t o m i n e r a l o g y o f t h e h o s t r o c i ^ ^ 
An attempt has boen made to use the geochemlcal data 
particularly, of the oxides of major elements for verifying 
the mineraloglcal composition of the host rocl®with the help 
of ACF diagrams as proposed by Winkler, H.G.P. (1967). In 
the ACP diagram (Pigs. 10 and 11), the apices of the three 
components are A - AlgO^ -i- " ^ ^ " 
(P2O5) t P e FeO -f- Hgo -f KnO, in which the demarcation lines 
have boon adopted after Hutchinson, C.s, (1974). I'hs feldspathic 
rock and the biotite schist of the ooutheactorn sector are 
plotted on the diagram (Pig. 10)• It is evident that most of 
the plots are located very close to AP join of chloritc-
muscovite tie line, and the plots fall between P-32 and P-'70. 
Frm the distribution o2 plots (Fig. 10), it is apparent 
that they do not fall in the blotitc/chlorite field. Most of 
the clusters arc in and aroand the chloritoid field along the 
AP Join and fall largely within tha niagaesian field. 
In the diagram (Pig. 10) the plots of the sxibunit, biotite 
schist, havG resemblance with those of feldspathic rock though 
slightly placed lower in the magnesian field. 
In the same manner, the chemical constituents of host 
rock of the central sector (chlorlte-quarts schist) along 
t^ lth those of its two other lithlc units (viz., chlorite-biotite 
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schist an<a molyonltlc blotite-quartz schist have been plotted 
on the ACF diagram (Fig. 11). It is evident that majority 
of the plots of chlorite-quarta schist are placed very close 
to the AP Join as also those of other two iinits. The plots 
of biotite-quartz schist lie exactly within the biotite field 
but slightly deviate from the chlorite-muscovite tie line. 
The msjority of the eeinple plots of the host rocks and their 
Qiabunits of the southoastorn and central sectors fall vjithin 
the magnesian field. The conspicuous shift of the plots of 
the host rocJco and chlorite-biotite schist towards and nearer 
the chloritoid field may bo attributed to oxidation (see 
Turner, 1968). The position occupicd by the plots in the 
diagram also indicates some deficiency of alkalies in the 
rocks of the central sector. From the foregoing observation, 
it is evident that the two sectors fall nearly in the same 
fields in the diagram but with minor shifting from the normal 
position. The depletion of alkali in the host rocks as vroll 
as its partial alteration and soda metasomatism is corroborated 
by the mineralogical assemblage and the distribution pattern 
of their oxide constituents. 
Discussion 
The petrochemical nature of a suite of host rocks 
associated i^ ith an ore body can usually be determined from 
unaltered or slightly altered rocks adjacent to or some 
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distance ax-sray from the lode. But the absence of tinaltered 
rocks frcxn the study area makes it virtually impossible to 
follow the restricted rule of geochemistry for investigating 
the original composition of the rocks, nevertheless, a possible 
identification of the original nature of the host rocks has 
been attempted based mainly on their chemical ccanposition and 
behaviour and comparing them with those of similar other known 
rocks elsewhere. The relation of chemical constituents with 
the mineralogical assemblages in the host rocks indicates 
(Pigs, 10 and 11) that there is no visible discrepancy between 
them. It is evident that chlorite-quarts schist and the 
subunits do not generally show any rea^nblance either with th^ 
known acidic or politic rocks so far as their major oxides are 
concerned. However, the host rocks t-iith abnommally higher 
farromagnesium constituents show a tendency towards basic 
rocks and this is particularly more pronounced in the central 
sector. Chloritisation and biotitination with limited meta-
somatism of the rocks coupled vrith pronounced silicification 
are the alteration processes which probably obliterated the 
original chemical nature of the parent rocks. There is 
ample evidence to conclude that the host rocks have suffered 
considerable alteration as a result of chloritization, 
biotitization and soda-metasomatism. 
The distribution of some of the major chemical consti-
tuents of the host rocks supports the above statement. Though 
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the diagrams show that the host rocks have suffered considerable 
alteration due to chloritization, biotitization and soda-
metasomatism yet it is difficult to identify precisely the 
original nature of the host rocks. 
ghe roalor oxides in Dhanjori Volcanics 
General Stat^onti 
The Dhanjori volcanico occurring close to the host rocks 
of copper have been encountered in both the oectoro of the 
study area, ffhey provide certain chemical as well as minera-
logicQl evidences that indicate their alteration but to a 
limited extent.by tho post-igneouo activities. Till todate 
nodotaiJjal^ccount on tho geochemistry of the Dhanjori 
volcanics arc available except those of Ghosh and Banorji 
(1970) and ::arkar and Deb <1971), who triad to throu some 
light on the patroGh.-;iilstry of tha rocjca based on a liiaitcd 
number of c h o n i c a l determinations but without any observation 
on their relation with the sulphide mineralisation. 
G e n e r a l c h e m i c a l c h a r a c t e r i s t i c s 
The analytical results of tlie rock samples collected 
from the two sectors do not show much differences in their 
chemical compositions. In the study of the altered lavas, 
the major problem arise® as to what xsras their composition prior 
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to alteration and upto v/hat extent the original composition 
was affected by post-igneous processes. Such processes tend 
to modify the original petro-chemistry resulting in redistri-
bution of various petrogenetically important elements. Sometimes 
the chcraistjry of altered rocks may be confused with those of 
primary rocks from another environment. Therefore, the degree 
of such chemical changes should be knovm before reaching to 
any meaningful conclusion. The distribution of the various 
oxides and their frequency range have been presented in 
table 11. The chemical constituents of Dhanjori volcanics 
along viith their ranges of abundance and average oxide ratios 
and C.I.P.W. norm have been shown in table 23 and the coefficient 
correlation in table 24. In terms of frequency diagram, the 
variation of major oxides in Dhanjori volcanics is presented 
in figure 12. 
The average chemical and normative compositions of 
Dhanjori volcanics are compared with some other basaltic 
provinces of the world (Wockolds* 1954? Engels, A.E.J, et al., 
1965? Melson, W.G. et al., 1968? Cann, J.R., 1971? Hart, 
S.R. et al,, 1972) and shown in table 25 . It is evident that 
the overall composition of Dhanjori volcanics is very similar 
to that of oceanic tholeiite with few exceptions where their 
content appears lower and FeO content higher than 
oceanic tholeiite. The chemical composition of Dhanjori 
volcanics shows that the rocks have mora affinity towards the 
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oceanic tholellto than other basaltic rocks as Indicated 
above. 
Effoct of alteration 
In general, the higher contents of FejO^ and H2O in 
basaltic rocks and their systematic relationship are considered 
to be the indices of secondary alterations (Miyashiro, A. 
et al.# 1969), HgO and FegO^AeO contents of Dhanjori volcanics 
are plotted in a manner suggootod by Kiyashiro et al. <1971) 
and Cann (1969) and found that their relationship does not 
indicate any significant alteration of the volcanics 
(Pig. 13). On plotting various conotituento of the Dhonjori 
volcanics in the ACN diagram (A o ^ " 
K o wagO) as suggested by Jolly, W.T. and Smith, R.C, (1972), 
it was observed (Pig. 14) that the concentration of moot of 
the plots fall in the field (I,unaltered basalt) and only three 
other points are slightly awaf from the field (I) but not 
fall within the fields (II) or (III)« Therefore, the diagram 
also provides no evidence of alteration of the basalt. 
Geochemlcal classification of magma type 
The nature and origin of source material and the processes 
involved in the magma generation v;ero investigated by various 
workerc, who have suggested certain models on the basis of 
experimental and field studies (Yoder, H.S, and Tilley, C.is., 
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1962; Green, D,H. and Rlngwoodt 1964, 1966; Kuno, H., 
1965; Kushlro, 1970; Kushlro et al,, 1972; Green, D.H,, 
1976) • The most commonly uaed method to distinguish the 
magma type of basaltic rock has been the allcali-silica diagram 
(Kuno, 1959; McDonald, G.A,, 1968) which matches well where 
there is little or no alkali redistribution. In tho diagram 
(Pig. 15) which was constructed according to the alkali-
silica diagram of Kuno (1959) and McDonald (1968), all tho 
plots eKcept two fall in tho tholeiitic field. The t\Jo plots 
v/hich fall in calc-alkalino field may perhaps be duo to tho 
higher proportion of plagioclase in the volcanics. The 
quartz-normative nature of tho rock has also been evident 
fran the plots of Dhanjori volcanics on the normative diagram 
(Pig. 16). 
Further, in the /VPM diagram (A « HagO KgO; r a total 
iron as 3 ? e O ; M = MgO, all represented in weight perccnt), 
the concentration of majority of plots above the dividing 
line in the tiioleiitic field (Pig. 17) is an indication of 
tholeiitic nature of the basalt. The nature of the rock is 
further corroborated by the comparison of their average 
PSjOg/PeO ratio with the tholeiitic rocks of other areas 
(Kuno et al., 1957). In order to distinguish between the 
composition of tholeiitic and alkaline basalts, their PeO*/MgO 
ratios (PeO* « PeO + * have been plotted against 
SiOg and PeO* according to the method adopted by Miyashiro, A. 
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and Shldo# F. (1975). The curves in the diagrams (Figs. 18a,b) 
show that majority of the plots also lie within tho tholeiitic 
field. The volcanics further indicate their oceanic environ-
ment as tho TiOg- KgO- ^^ ^ plots in the ternary 
diagram of Pearce, T.H. ot al. (1975) fall in the field of 
oceanic basalt. 
Distribution trend and salient characteristic features o^ the trace elements of the host rocks and their suburiits 
General Statement 
Goldschmidt# V.M. (1937) made certain useful observations 
on trace element distribution in rocks and minerals and 
proposed a geochemical classification based on their chemical 
affinity and also stated that the distribution of chcmical 
elements in tho different phases depended on tho electronic 
configuration of the atoms. Subsequently, Mason, B.(1958), 
Tauson, L.v. (1965), Bumn, R.G. and Fyfe, (1966, 1967), 
wockolds (1966), etc., added further valuable information on 
the trace elomencs. 
No serious effort has b e e n made by the earlier workers 
to study the trace aleiiiants of the ho at rocks of the ntudy 
area, except perhaps by Ghosh (1972), who made a preliminary 
study of the trace elenents of the rocks belonging to the 
central sector. In tho present case, some of tho trace elements 
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such as Cu# Pb, 2n, Co# Hi# Cr, Rb and sr in the host rocks 
were datermlned In an attempt to examine their relative 
geochemlcal abundance. The trace element abundance in the 
host rocJss (Tables 26 and 21, Pigs. 20 and 21) and their 
subunita are presented separately in tables 28, 29 and 30 • 
A few trace elements which show anamolous values* have been 
excluded though they are used in the calculation of the 
coefficient correlation ('fables 14 and 20). An attempt has 
also been made to compare -Uio host roclcD \jith the average 
metasedimontary and metavolcanic rocks of the Dharuar schist 
bolt. South Indiai besides some of the average politic,acidic 
and basaltic rocks of the world on the basis of their common 
trace elemento. J^he variation trends of some of the trace 
elemeots in the rock samples, collected according to their 
spatial positions with respect to thp ore son© or lode (i.e., 
nearest to, nearer to and away from the oro body) have been 
determined (Table 31, iUgs. 22 and 23) . 'i'ha samples of 
feldspathic rock and chlorite-quarts schist were collected 
from the hanging wall side of the lode whetlier they are on 
the surface or in the underground sections. The samples of 
the stibunits, viz., biotite schist and chlorite-biotite 
schist are collected from tha footwall side whereas the 
samples of b i o t i t e-quartz schist are taken from the hanging 
wall side. All the samples of the above sUbunits are, hoi^ rever, 
collected only from their outcrops because they were not 
encountered in the undergroiind mine sections. 
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D i s t r i b u t i o n t r e n d 
The salient characteristic features of the trace elements 
are presented ao belotfj 
Copper - Generally* copper varies appreciably in the foldspathic 
rocks in the southeastern sector* whero it varies from 42 ppm 
to 510 ppia and the average being 81 ppm. Similarly* the clement 
has a v;ider variation range <208 ppm to 1225 ppm) xiith a much 
higher average of 515 ppm in the chlorlte-quarts schist. 
Contrastingly* chlorite-biotite echict and biotit© schist on 
the footifall side are poorer in copper, their averages being 
60 ppm and 45 ppm respectively. Likewise, biotite-quarts 
schist occurring on the hanging wall side is poor in copper 
witdi an average of 45 ppm# It may, therefore, be stated 
t h a t copper in the hoot roclcs occurring o n the h a n g i n g wall 
side* has not only a wider variation but also higher average 
v a l u e t h a n i n ' c h o c h l o r i t e - b i o t i t e achict* b i o t i t o s c l i i o t and 
b i o t l t G - q u a r t s s c h i s t . Further* i t roay b o s t a t e d t h a t t h e 
a b u n d a n c e o f t h e e l e r a e n t increases i n t h e h o s t rocl:s across 
t h e i r s t r i I C Q a n d a l s o t o w a r d s t h e o r e b o d y . 
Zinc Zinc in the chlorite-quartz schist is slightly lower 
than in the feldspathic rock with an average of 34 ppm. On 
the other hand, the average values of the element in the 
biotite schist on the footwall side in the southeastexm sector 
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and biotite-quarts schist on the hanging wall side in the 
central sector are almost identical. Both the rocks recorded 
slightly higher average values of zinc than in the feldspathic 
rode or chlorito-quarta schist. Siinc, like copper, has a 
tendency to increase in abundance in the host roclas across 
the otriXo and toviards the oro body. 
Hickel - T^he average nickel content in feldspathic rock is 
90 ppm. The footwall rocks, vis., chlorite-biotito schist and 
biotite schist from both the sectors have a higher concen-
tration of tlio element than in the hanging vrall rock, biotitc-
quarts schist, nickel in chlorite-quarts schist generally 
increases in abundance toviarda the ore zone. No such trend of 
ni was, however, detected in the feldspatliic rock. 
Cobalt - The average concentration of cobalt in feldspathic 
rock is slightly lower tiian in chloritc-quarts schist. Its 
average values in chlorite-biotite schist, biotite schist and 
biotite-quartz schist are almost similar. Like nickel, cobalt 
also has a tendency to increase in abundance tovrards the oro 
zone in the host rocks. 
ChrcHtiium - Chromium is concentrated slightly more in the 
chlorite-quartz schist than in the feldspathic rock as indicated 
by its average values in the two rocks. The concentration 
of tlae elc2ment is also higher in other subunits than in the 
host rock s. 
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Lead - The elonent has apparently no geochetnlcaX significance 
due to its presence in negligible amounts in both the felds-
pathic roclc and chlorite-quartz schist. 
Rubiditim - There is not much difference between the average 
values of rubidium in feldspathic rock and chlorite-quartz 
schist. The highest average value of tho element was recorded 
in biotito schist (106 ppm) on tho footv/all and tho lowest 
one in tho biotito-quarta schist (38 ppm) on tho hanging wall 
sides. There is practically no difference in tho concentra-
tion of Rb in the chlorito-biotite schist and tho feldspathic 
roclt. 
Strontium - Tho concentration of strontium in tho feldspathic 
rock is significantly higher than in chlorito-quarts schist. 
The average values of the element in the chlorito-biotite 
schist, biotito schist and biotitc-quartz schist, hovrever, do 
not vary much. 
Evaluation 
Prom the abundance of the trace elements and their trends 
of distribution, as found in the host rocks as well as the 
associated schistose sub-ixnlta, it is apparent that their 
trends in scxne rocks are similar and in others dissimilar. 
Accordingly, no definite opinion can be formed regarding the 
behavioxir of the trace elements in the host rocks except that 
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the concontratlon of certain elonents like Cu, Co and ni 
increases towards the ore body. Such a trend may perhaps be 
suitably attributed partly to the mineralization activity and 
its raetasomatic effect in the host rocks adjacent to the 
lodes. It is, hovrever, a difficult task to throve any light 
on the original nature of the host rocks on the basis of these 
trace el omen ts v/hich do not show any definite similarity v;ith 
those of some well^knovm igneous, acidic, rootavolcanlcs, 
metascdimentary, basic or even the politic rocko of other 
parte of the world ('Arable 32). Moreover, among the trace 
elonents determined in the host rocks, only Cu, Co, 1^ 1 were 
found to be occurring in much greater proportion than in those 
of known acidic (Vlager, L.R. and Kitchell, R.L., 1951), granitic 
(Turekian and Wedepohl, 1961), metasedimentary (Naqvi, 
and Ilussain, s,:i,, 1972) and politic rocko (Shaw, 1954). 'x^he 
only rock which is more or l e s s comparable w i t h t h e h o s t rocks 
on the b a c i a o f t h e a b u n c l a n c e o f t h e s e trace e l e r a e n t s is either 
the m s t a b a s a l t o f Dharwar schist b e l t (Haqvi and Hussain, 1973b) 
or the average basaltic rocks(Turekian and Wedepohl, 1961). The 
average Wi:Co ratio in the host rocks are also appreciably 
higher than i n those f o u n d in some well-known acidic, pelitic 
or basaltic rocks. The distribution trends of Cu, Co, Ni 
and Cr also do not provide any reliable support for their 
comparison with soxne of the Icnown average rocks. 
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Trace elements and their characterlstdLcs In Dhanjori volcanics 
Since some trace elements are sometimes knoxra to provide 
useful evidences for the fractionation trend of the magma 
(Taylor, S.R,, 1965; Gast, P.W,, 1968? Haskin, L.A,, ot al,, 
1970} Wioll, D.F,, et al», 1974), q preliminary study of some 
trace elements of the Dhanjori volcanics has been raado for 
determining their trends in the rocks. The trace element 
data accoii^anying tho olcanont ratios are presented in table 
33 and coefficient correlation in table 24, The study includes 
comparison of trace elements of the roclcst/ith those of basaltic 
rocks of some other regions of the world (Table 34), Tho 
Dhanjori volcanics i7ith tho average of 70 ppn of copper appears 
to be deficient in Cu in comparison to the oceanic tholeiites 
(average 67 ppm) of Cann (1971)? Hart et al, (1972) and 
Melson et al, (1968)» average gaartK~norma'dLva tholeiites, 
(141 ppra) average tholeiites (127 ppra) and average basalts 
(123 ppm) of Prinz, M. (1967) in table 34, On the other hand, 
the rocteappear to be significantly enriched in Ni in comparison 
to other basalts including the oceanic ones (Table 34). Like 
nickel, cobalt also shows a higher concentration trend in the 
rocks than in other basaltic suites including quartz-normative 
tholeiites (Cann, 1971? Hart et al., 1972; Melson et al., 
1968 and Prina, 1967)• Chromium with a wider variation trend 
fall within the known values of oceanic tholeiites but in 
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comparison to other basalta It is higher (Table 34). The positive 
correlation among Co# Ni# Cr is fairly strong (Table 24). A wider 
V€iriation of Cr$l3i ratio in the Dhanjori volcanics (1,39 to 2,49), 
which is comparable with the variation range found by Ghosh, U.C, 
and Trofimov, N.M, (1C70) for the Precambrian basalt, may be also 
taJcen as an indication of its derivation from the upper mantle 
(see Turelcian, 1963) . 
B. Geochemistry of ores 
Ore samples 
General statement 
About 27^^e samples representing the four underground mine 
levels (Pig. 24? 23rd, 24th, 25th and 26th) in the north Badia 
section of Hosaboni mines and the 3rd level (Fig. 25) of Tama-
pahar (a section of Rakha mine) were selected and analysed for 
the determination of some of their important major, minor and 
trace elements. According to their level oE abundance, Cu and Fe 
are categorised aa major, Ti, Ni, and Co as minor and Cr, Zn, Wb, 
Sr, Pb and Mn as trace elements in the ore saraples. The lateral 
interval of the sample locations at each level ranges between 15 
and 80 metres. 
The analytical data are presented in table 35 and 36, their 
levels of detection, precision, accuracy, etc., are given in 
table 3. The elemental abundances are also presented in histo-
grams (Pigs. 26 and 27). The lateral variation curves are 
given separately in figures 28 and 29. The mutual correlation 
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coefficients of the eleven elements are calculated separately 
along with the significant level of the correlation data at 
5 per cent for a bettor landorstandlng of their correlation 
(ece Dixon, and Itecsey P.J. Jr», 1951). Thoy are Bhovm 
in the tables 37 and 38. 
Distribution trends of Cu< Fe, Mi, Co, Zn, Hb, Rb, Sr, tto a n d W 
Cu, Po, wi, Co and Zn in the ore samples of Mosaboni are 
relatively more abundant than in those of Taiaapahar area. Only 
Pb is comparatively higher in the ore sauries of llosaboni than 
in those of RaJcha mines. It is apparent from the chomical 
data that by and large the above five el^acnts in the sauries 
of the two sectors remain tho same though quantitatively, they 
are slightly more in the Mosaboni mines than in Tamapahar 
(Pig. 33). A fexf samples in which tho values of Zn, Mn, Rb, 
and Cr are anomalous have not been taken into consideration. 
Discussion 
The Cu and Fe ratios are higher than one in mora than 50 
per cent samples of the southeastern sector and 37 per cent of 
the samples in the central sector. Nickel is invariably 
domin^ n^t over cobalt and they have strong sympathetic relation 
(Tables 37 and 38) possibly due to the coexisting minerals of 
pyrlte and pyrrhotlte and such a relation was also observed 
by Qalvlin, s. and Gabrielson, 0. (1947)? lUchard, D.X. and 
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Zwelfel, H. (1975) In the sulphide ore of Skellfte, Sweden. 
The concentration of all the three minor elements, viz., Co, 
Ni, Cr is considerably higher in the ore samples of the study 
area than those of the vein tjnpe of porphyry copper deposits 
(Nash, T.J., 1975) in which Cu and Fe are much lower than those 
of the samples of the study area. 
An attempt has also been made to establish the correlation 
of Po and Cu with other elements as determined in the samples 
(Figs. 30A, B) • In the southeastern sector (Pig. 30A) Pe 
does not shovr any significant relation vrith the other minor 
and trace elements except its fairly strong negative relation 
with Ti, On the other hand, Cu indicates positive relation — 
only with zinc and almost insignificant vrith the others. This 
situation may probably suggest coesdLstent of the tvK> elements 
at the time of ore formation. In the ores of central sector 
(Pig. 30B) Po does not shov/ any significant relation i,riLth other 
elements. The strong positive relation of Cu vrith Pb indicates 
the coexistence of Cu and Pb since their mineralization. There 
is a strong negative relation between Pb and 2n, 2.n and Mn, 
Co and Br in the oros of central sector and also between 131 
and Hn, Co and Mn in the southeastern sector. The poor 
concentration of Cr may be attributed to its low solubility in 
sulphide phase. Similarly, Pb in very minor traces may be 
duo to near absence of galena or f^ otash feldspar, A comparison 
between the abundances of Co, Ni, ^ and Pb in the sulphide 
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ores and tholr host rocks indicates that the elements 
have more or less similar trends of concentration though their 
proportions are relatively higher in the former. 
II. Sulphide pro mineral fractions 
Three predominant metallic minerals, vis., chalcopyrite, 
pyrite and pyrrhotite of the sulphide ores of Mosaboni and 
Tamapahar mines were separated and acae of their trace element 
constituents vfere determined. The abundance and distribution 
trends of some trace elements in sulphide ore minerals often 
provide valuable information regarding the genetic typo of 
the ore-deposit. 
The trace element data in tho ore minerals of southoaotern 
sector (Wosaboni mines) and central sector (Ralcha-Tamapahar 
section of Rakha mines) are presented in tables 39 and 40 and 
illustrated in the form of histograms (Figs. 31 and 32). It 
may be noted here that in the Rakha mines including the i;akha~ 
Tamapahar section, mining has not been extended to more than 
a few levels while in the Mosaboni mines it has been done 
upto deeper levels. Accordingly, tho levels from which the 
ores are collected from Tamapahar and llooaboni areas are 
different. 
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pistrlbutlon trend of the elements 
Chalcopyrito - The average concentration of Co in chalcopyrito 
from Mosaboni and Tamapahar mines are 410 ppin and 320 ppm 
respectively. In most of the chalcopyrite samples of Mosaboni, 
Co is generally higher than those of Tamapahar area. The 
variation of Co in the chalcopyrite v;ith depth in the Mosaboni 
mine does not shov/ any definite trend though at the 24th level 
a little increasing tendency is indicated. There is practically 
no significant lateral variation of Co in the chalcopyrite of 
Tamapahar. The average concentrations of Hi in the chalcopyrites 
of tv/o sectors (638 in Mosaboni and 646 in Tamapahar) is 
practically alike. Like cobalt, there is no significant varia-
tion in ai vrith depth and that it also shov/s a slightly increas-
ing tendency at the 24th level. The variation ranges of r-In and 
Ti in chalcopyrite are very narrov; and almost insignificant both 
vertically as v/ell as laterally in both the sectors. 
Pyrite - The average concentration of Co in tha pyrites of 
Mosaboni and Tamapahar mines, being 1242 and 1283 ppn respecti-
vely, Indicates almost similar values. At the 25th level of Mosa-
boni mines it shows comparatively a decreasing tendency. Gener'ally, 
Co and Hi do not shovir any depth-wise variation. The Mn and Ti in 
pyrites of both the sectors have almost similar trends. 
Pyrrhotite - The lateral or vortical variations of Co, I7i, Ito 
and Ti in the pyrrhotites of the two areas are practically 
insignificant. 
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Evaluation 
Among Co, Mn and Ti, the latter ttTO elements do not 
show any relevance to the genetic types of the ores. Only 
the concentration of Co and ni in significant proportions in 
the three different ore minerals may perhaps bo used for 
detormining the genetic typo of the sulphide ore deposits. An 
attempt has been made to compare tho average ratios of cobalt 
and nickel, with those of some well-knotm genetic types of 
sulphide deposits of the world like those of magmatic-
hydrothormal and sedimentary. 
Tho average Cos I'll ratios of chalcopyrites in tho ores of 
nostiboni and Tamapahar area,being 0.61 and 0,47 respectively, 
are appreciably lot/or than those roijorted from tho toovm 
hydcothc.onaal ore deposits in trhlch the average ratios are 
greater than one as roportod by Hai.'ely, and Nichol, I. 
(1961) . 
similarly, tho average CojiM'i ratios in pyrrhotites of 
the stud/ area are less than one wUeretxS their average 
ratios in the pyrrhotite of hydrothermal origin are greater 
than one (Thole, il.H., 1976). The unusually high amount of 
Wi in the pyrrhotites of the stud/ area is probably due to the 
presence of exsolved nickel bearing minocal, nentlandita in 
pyrrhotite (cf. Iioftus-aills, G. and Solomon, M., 1967). 
Usually, tho average CosNi ratio is pyrites of sedimentary 
origin is limited to 0.63 (Price, B.G.in Bralia, A., et al.. 
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1979) and in those of hydrothermal origin it ranges from 0.1 
to 1 . 0 (jjerg, C . and Priedensburg, G . , 1 9 4 4 ) . The Co»:3i 
ratios in pyrite of Mosaboni and Tamapahar area are 3.20 to 
4,28 and 3.93 to 5,82 respectively. It is therefore, evident 
that the pyrites with much higher CojHi ratios could neither 
be of hydrothermal nor of sedimentary origin. On the other 
hand, the pyrites of Hosaboni and Tamapahar v;ith limited variation 
range ( 3 , 2 0 - 5 . 8 2 ) may bo regarded as mobilized pyrite deposits 
(see Bralia et al., 1 9 7 9 ) . 
chapter VII 
SUME4ARY MID CONCLUSION 
Tho purpose of the present investigation has been to 
investigate the nature of mineralization of copper sulphide 
ore deposits in the southeastern and central sectors of the 
Singhbhum shear sone# Bihar State, v/ith particular reference 
to the geochemistry of tho ores and the host rocks as well as 
of some adjacent lithic units. Considerable attention has 
also been given to study the petro-mineralogy of the host rocks 
and the mineragraphy of the sulphide ores. A summary of this 
investigation and the conclusions dratnu, are presented as 
follows s 
1, The SinghbUuin shear iione is generally considered S3fnonymous 
with the Sirghbhnm copp3r belt, Sin^ hbhtua thrust belt and Copper 
belt thrust in the Precambrian geology of India. 
Stratigraphically* the Precambrian rocks of the belt are 
divisible into two stages, viz., Chaibasa Stage (Lower) and 
Iron Ore stage (Upper). The copper bearing host rocks (pre-
dominantly metasedimentary?/oldQr volcanics), belong to the 
Iron Ore Series or Iron Ore Group (3000-3200 M.Y.). Another 
important rocK type, known as Dhanjori volcanics, which was 
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encoiintered close to the shear atone rocks« la devoid of any 
copper mineralization. These volcanics are much younger than 
the host rocKs since their age was determined to bo 1600 M,Y. 
This shear zone evolved from a pre-existing zone of deep seated 
fracture and volcanism that separated an Archaean granitic 
platform to the south from a Proterozoic belt on the north. 
The tectonic history of tho aroa suggests that before the 
rocks attained their present status, four distinct doformational 
stages (2000, 1500, 1100 and 850 M.Y.) having distinctive 
features of their oitni affected the shear sono rocks to a 
groat esjtent. 
2. Tho structural pattern of the rocks are coaKial with tho 
toctonic evolution of the area, raainly during tho four successive 
deformational otagoo resulting in tlie formation of various 
types of planer and linear structures. The general strike 
trend of tho rocks of the area, being from NNW to SSE, follows 
closely the trend of the shear ssone. 
The sulphide ores are usually localized in the closely 
spaced planer structures, mainly the schistosity (Sg) and slip 
planes (S^) and scsnetimes thoy are sporadically distributed 
in the host rocki? in the form of small specks and blebs. The 
present disposition of the ore bodies has largely been guided 
by the major structural trend of the shear zone and the ore 
localizations are intimately controlled by the various minor 
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structural elctnonts of the host rocks. 
3. The various rocks that compose the Slnghbhum shear zone 
and fall v/ithin the study areas have been distinguished on the 
basis of thoir mineral assemblages^ modal distribution, minera-
logenic population, textural characteristics and classified as 
follovrst 
Peldspathic rock 
Chloritc-quartz schist 
Biotite schist 
Chloritc-biotite schist 
Biotite-quartz schist 
Quartz-kyanito schist 
Massive quartzite 
Quartz schist 
Dhanjori volcanics 
Muscovite schist (occasionally gametiferous) 
The rocks which appear as schist, gneiss or granite at 
the outcrop level cornpdi>sB the host rockc in the southeastern -
sector. They are introduced here as feldspathic rock because 
they are essentially composed of plagioclase, quartz, chlorite, 
biotite and muscovite. Modal plots and Colour Index (C.I.) of 
feldspathic rock lie outside of the granite field. Complex 
twinning, replacement texture and sieve structure shown by 
plagioclases in the feldspathic rock indicate that the rock 
has been affected by soda-metasomatism. 
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In the central sector, tho chlorite-quartz schist, which 
appears as host rock, is composed of chlorite, biotite, quartz 
and rouscovlte. The texture of the rock is characteristically 
granoblastlc. 
In both the feldspathlc rock and chlorlte-quartz schist, 
second generations of chlorite, magnetite and quarts have been 
identified. 7ho second generations of chlorite and magnetite 
ifero derived from biotite in course of retrogressive metamorphism 
whereas quartz belonging to tho second generation is related to 
sillcification• 
The chlorite-biotite and biotite schists which are found in 
contact xfith the Dhanjorl volcanics in the central and south-
eastern sectors have almost identical mineralogical assemblages. 
Their identity is however, based on the dominance of either 
chlorite or biotite. 
The mylonitic rock (biotito schist) of the central sector 
is predominantly composed of finely granulated quartz, biotite, 
muscovite and chlorite with epidote and tourmaline as accessories. 
The schist exhibits typical mylonitic texture with preferred 
orientation of the sheet minerals. 
The Dhanjorl volcanics, which occur as non-foliated 
(massive) or foliated (meta-volcanic) rocks, are composed of 
actlnolite, hornblende, plagioclase, chlorite, biotite, augite, 
epidote, clinoaiosite, quartz and soma accessories. The non-
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foliatad type exhibits blasto-sub-ophitic texture and the foliated 
type, lapidoblastic texture. 
The muscovite schist, found commonly in the tx70 sectors, 
is composed of rauscovite, biotite, chlorite, quartz v/ith occasional 
presence of elongated porphyroblasts of garnet. The texture of 
the rock is typically porphyroblastic. 
Besides soda metasomatism, the host rocks t^ ore subjected to 
alteration, the sequence of vjhich has been determined to be as 
follows* 
Silicification >• biotitization chloritization 
sericitization. 
The study of tho mineral assemblages, textures and other 
petrographic character of most of tho rocks, mentioned above, 
indicates that they have undergone procrossive metamorphiom 
varying from the green schist to lower araphibolite facies. 
4, Morphologically, throe tyries of sulphide ores have been 
identified as i) maccive, ii) braided, and iii) disseminated. 
Minoragraphic study Oif the ores led to tiie identification of a 
number of major, minor and exsolved ore minerala. They are as 
followss 
Major s Chalcopyrito, pyrite and pyrrhotite. 
Minor s Sphalerite, magnetite (ilmenite), chlcocite, 
covellite, bornite, molybdenite, millerite, 
galena, tellurbismuth and tetradymite. 
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Exsolvedj Cubanlte, valerilte, marcasite, pentlandlte and violarite. 
The metamorphism of the ores is pervasive and it is 
evidently manifested through certain characteristic textural 
features such as replacement, annealing^ exsolution and defor-
mation, Replacement and annealing textures are supposed to be 
the characteristics of dynamothermal and dynamic metamorphism 
v/hereas the exsolution texture is indicative of falling 
temperature at retrogressive stage. 
The primary mineral assemblages and the presence of some 
exsolved ore minerals suggest that the temperature at which they 
were formed ranged between 200°C and 450®C. 
The poragenetic sequence of the ore minerals (primary and 
secondary) has also been determined on the basis of their mutual 
textural relations. 
5, The geochomical abundance and variation ranges of the major 
oxides as well as some of the important traco elcr..cnts in the 
host rocks of copper and also of the Dhanjorl volcanics are 
critically studied with a view to trace the original nature 
of the rocks. The major and minor constituents of the host 
rocks have also been ccxnpared with those of some well-known 
acidic, basic and pelitic rocks of the world, 
A close examination of the major oxides, vis., Si02# AlgO^, 
TiOo# FeO, Na~0, K^O, MgO and CaO in the feldspathic rock, 2 2 A 
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collected from varying distances from the lode zone to the 
barren host rocks, indicates that the constituents have different 
trends of concentration v/ith respect to the lode zone. Total 
iron particularly, PeO# MgO and -^ ajO show a decreasing trend in 
their abundance away from the lode. On the other hand, SiOj 
and CaO decrease in their abundance tov/ards the lode. KgO has 
a slightly increasing tendency and TiOg, a decreasing one towards 
the lode. Only a marginal reduction in the abundance of 
tov;ards the lode has been recorded. 
The major oxides of biotite schist are also compared and 
contrasted with those of Dhanjori volcanics and some other 
vjell-knovm basalts of the world as x;ell as average pelitic 
rocks. The biotite schist and the Dhanjori volcanics have 
more or less similar concentration trends with respect to their 
total iron, magnesixim and alkalies contents. The higher 
concentration of silica in biotite schist as compared to Dhanjori 
volcanics may bo due to the cffect of moderate siliclfication 
of the former. On the basis of similarity in abundance of the 
above oxides, a close genetic relation bertween the tx-jo rocks 
has been suggested. 
The concentrations of Si02r 
CaO, NagO, ^^^ chlorite-quartz schist 
shov/ orderly variation and follow certain spatial trends with 
respect to the position of the ore zone. Total iron, MgO 
and CaO increase towards the lode. On the other hand, Si02 and 
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AI2O3 tiocrease In their abundances as the lode is approached. 
rinO, NajO increase slightly tov/ards the lode whereas 
KjO has a decreasing tendency totiRirds the lode. The variation 
trends of the above oxides are more or less similar in the host 
rocks of southeastern and central sectors. Generally, the 
abundances of major oxides in the chlorite-quartz schist are 
quite different from those found in the trell-ltnoxfn pelitic or 
basaltic rocks. The total iron in the chlorite-quartz schist 
is higher than in the average basaltic or pelitic rocks. MgO 
content in tha rock is lov/er than in the average basaltic rocks 
but higher than the average pelitic rocks. 
Among th^ major oxides, total iron, magnesia, alkalies 
(mainly KajO) # chlorite-biotite schist 
and biotite-quartz schist are almost as abundant as in average 
basalts or tha Dhanjori volcanics. Tho chlorite-biotite schist 
and tho Dhanjori volcanics appear to be geochemically related 
because their average I^ gO, FeO, CaO, and KjO contents have 
more or less similar values. The higher values of SiOg in the 
schist than in Dhanjori volcanics may be attributed to silici-
fication of the former. According to the above observation, it 
is suggested that the chlorite-biotite schist might be related 
geochemically with the Dhanjori volcanics. The chemical compo-
sition of tae Dhanjori volcanics resemble closely the tholeiitic 
basalt as indicated by various discriminatory diagrams. Its 
oceanic tholeiite nature wao supported by ^i02-K20-P205 diagram. 
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6, Cortcnonly the host rocks and their sub-lithounlts indicate 
alteration as a result of chloritization, biotitization, serici-
tiiiation, and silicification. The host rock of the southeastern 
sector vras also sxibj cctod to soda raotasomati srn but to a very 
limited extent. 
However, the alteration zones found in the country rocks of 
the study area are not developed as prominently as they are 
usually found in hydrothormally altered rocks, 
Apprecieiblo increase of Fe and Mg relative to Ca and Ma 
and simultaneous decrease of Ca and Na relative to A1 in both 
the host rocks indicate that their alteration trends are similar 
(Pig. 9A-H). 
It is evident from the ACF diagram (Pigs. 10 and 11) that 
there is prcctically no difference bct\»/een the ti/o host rocks, 
viz., feldspathic rock and chlorite-quartz schist, as far as 
their mineralogical assemblages and chemical constituents are 
concertied. It is rather difficult to identify the original 
chemical nature of the host rocks due to metasomatism and the 
combined effect of various other alteration processes on thisn. 
7. The trace elements such as Cu, Pb, Zn, Co, Ni, Cr, Rb ana 
Sr in feldspathic rock, chlorite-quartss schist, biotite schist, 
chlorite-biotite schist and biotite-quartz schist are quanti-
tatively determined with a view to study their distribution 
trends in the above rocks, and to compare the rocks of the study 
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area with tho average metasodlmGntary and raotavolcanic rocks of 
Dhan^ar schist belt, India; some of the average pelitic* 
acidic and basaltic rocks of other parts of the v/orld on the 
basis of their trace element contents. 
Copper has not only higher average values but also a wider 
variation range in the feldspathic rode and chlorite-quartz 
schist than in chlorite-biotite schist, biotite schist and 
biotite-quartz schist. Qones?ally# copper shot-rs a tendency to 
increase in abundance in the host rocks as the ore bodies are 
approached. The average concentration of zinc in tho felds-
pathic rock is slightly higher than in chlorite-quartz schist. 
But both biotito schist in 1:he southeastern sector and biotite-
quartz schist in the central sector, which have almost identical 
averages of zinc, recorded higher averages of zinc than either 
in feldspathic rock or chlorite-quarts schist. Like copper, 
this trace eleaient in the host rocks increases in abundance 
as the ore bodies are approached. 
fyickel shows a tendency to increase in its abundance 
towards the ore zone in chlorite-quartz schist but the element 
doss not show arty such trend in the feldspathic rock, 
Traces of cobalt have almost similar average values in 
chlorite-biotite schist, biotite schist and biotite-quartz 
schist. In the host rocks, however, the element increases in 
abundance towards the ore zone. 
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Generally, the concentration of chromium is slightly more 
in chlorite-quartz schist and other subunits than in the two 
host rocks. 
Rubidiiim in the foldspathic rock or chlorite-quarta schist 
or in chlorite-biotite schist do not vary much in its concentra-
tion. Strontium in the foldspathic rock is significantly higher 
than in chlorite-quartz schist, although there are little 
differences in their average values in the chlorite-biotite 
schist, biotite schist and biotito-quartz schist. 
« 
Frc»n the nature of the distribution trend of the trace 
elements as stated above, it is obvious that no definite opinion 
regarding the geochemical relations among the rocks under study 
^^uld be expressed. The average Cu, Co, and Ni contents in the 
host rocks are appreciably higher than those in some vjcll-known 
acidic, granitic, metasedimontary or pelitic rocks. 
The average copper content in the Dhanjori volcanics is 
lov/er than that of quartz-normative tholeiites, tholeiites 
and basalts* On the other hand, isri and Co contents of the 
volcanics appear to be significantly higher than those of 
basaltic suits including the oceanic ones. 
A comparative study of come trace elensents of the Dhanjori 
volcanics with those of v/ell known basaltic rocks reveals that 
the concentration of Cu and Sr is lower, and that of Zn, Co and 
Ni is higher in the volcanics than in the average basaltic rock. 
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Only the average contonto of Cr and Rb in the two rocks are 
comparable. 
8. About 27 ore samples, colloctod from both the southeastern 
and central sectors v/ere analysed for the quantitative determina-
tion of their Cu, Pe, Co, Zn, Pb, Rb, Sr, Mn and Ti contents. 
Generally, the ores from Hosaboni have higher concentration of 
Cu, Pe, Ni, Co and Zn than in those of Tamapahar. The amount 
of Pb is, hov;ever, higher in the ores of Tamapahar than in 
those of Mosaboni. 
In most of the ore samples of the study area, Ni, is 
invariably dominant over Co and the concentrations of Co, Mi 
and Cr are higher than in the vein type of prophyry copoer 
deposits. 
So far as the trace eleir.ents arc concerned the only common 
feature in the ores and th£3 host rocks is the presence of Co, 
Mi, Zn and Pb in their decreasing order of abundance away from 
the lode zone, though individually their average concentrations 
in the former are higher than in the latter, 
9. Co, tii, Mn and Ti in the three dominant mineral fractions of 
the sulphide ores, viz., chalcopyrite, pyritc and pyrrhotite of 
Mosaboni and Tamapahar have been studied in an attempt to trace 
their distribution trends In the ore deposits. Generally, the 
concentration of Co in chalcopyrite of Mosaboni is higher than 
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that of Tamapahar whereas that of Ni in the chalcopyrites of two 
sectors* have nearly been equal concentration. There is no depth-
vfise variation in the abundance of Ni and Co in chalcopyrite at 
the Mosaboni and no lateral variation of Hi in the chalcopyrite of 
the tx^/o sectors, ito and Ti in chalcopyrite show narrovj variation 
ranges both vertically and laterally in the tt^ o sectors. 
Pyrites from Mosaboni and Tamapahar have also similar 
concentration of Nt and Co and this is also found in the case of 
Mn and Ti, 'i'ho four trace elements in pyrrhotits do not chow any 
significant lateral or vertical variation in thoir abundance in 
the two sectors. 
On the basis of average Co:ITi ratios in chalcopyrite, pyrrho-
tite and pyrite, the sulphide ores of the study area are compared 
with those of known genetic type particularly hydrothermal deposits, 
The average Cos Hi ratios in chalcopyrite and pyrrhotite associated 
with the ores of Mosaboni and Tamapahar are lower than those found 
in the same ore minerals of hydrothermal origin. On the other hand, 
the av-:rage Coj.^ Ii ratios in pyrite o£ the study area are appare-
ciably higher than those recorded from pyrites of hydrothermal 
or sedimentar/ origin. Accordingly,it is obvious that sulphide 
ores having chalcopyrite, pyrrhotite and pyrite of the study area 
could oot^ eithor be regarded as hydrothermal or seditaentary, as 
suggested by some of the earlier workers. However, the pyrites in 
the ores of the study area with a range of their average (3.20-
5.B2) Cos;)i ratios are considered to be raobiLiEed. 
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EXPLANATION OF PLATES 
Photonicrographs of thin rock sections 
PLATS I 
Fig, 1 Poldspathic rock showing schiotooity and proforrod 
orientation of biotite, muscovite and quarts.Plagio-
clase feldspars occur as porphyroblaste. note 
bonding of foliation is possibly due to tho grovjth 
pressure and rugged termination of feldspar 
porphyroblasts. (Crossed Hicols# X 125) 
Pig. 2 yeldspathic rock showing chess board tt^ rinning in 
. plagioclasa. Note the xenoblastic outlines of plagio-
clase porphyroblast. (Crossed Nicols, X 125) 
Pig. 3 Plagioclasa showing sieve structure defined by inclu-
sion of quarts and sericite in feldspathic rock. Hote 
the diffused boundary towards the upper margin of tho 
porphyroblast. (Crossed Micols, X 125) 
Pig. 4 Feldapathic rock in which the second generation 
(dark) exhibits cross cut relationship with biotite 
of the first generation (light). (X 60) 
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PLATE 11 
Pig. 1 Feldspathlc rock shov/ing development of chlorite 
porphyroblast {inedi;ua grey, north-eastern corner) 
v;ith inclusions of discrete magnetite (dark). 
(X 60) 
Fig. 2 Chlorito-quartz schist ohovjing Inclusions of the 
first generation of chlorite in sulphide ores 
(dark). (X 60) 
Pig. 3 Peldspathic roc3c shov/ing flexures and intrafolial 
folds in muscovite. (Crossed nicols/X 60). 
Fig. 4 Chlorito-quartz schist showing dishannonic folding of 
its foliation planes. (Crossed l^ licols,X 60). 
PLATE III 
Fig. 1 Chincite-biotite schist exhibiting regional foliation 
defined by preferred orientation of biotite (dark 
grey) and flattening of quarts grains (white) along 
the regional foliation. (Crossed Nicols,X 60). 
Pig. 2 Hylonltlzed biotite-quartz schist exhibiting alternate 
bands of quartz (white) and biotite (dark gray). 
Quartz is finely granulated and most of the grains 
shows preferred orientation. (Crossed Nicols, X 60). 
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Fig, 3 Dhanjorl volcanics showing elongation and distor-
tion of amygdulas in harmony with regional strain. 
Note tho rautllation of the amygdule boundary (dark) 
in the central part of the figure. 
(Crossed Nicols, X 60). 
Pig. 4 Muscovite schist with a garnet porphyroblast, Mote 
the development of inuscovite in pressure shadow zone 
at 90® to the regional foliation. 
(Crossed tIicols# X 60) • 
Photomicrographs of polished ore spocimcno 
PIIATS Z V 
Pig. 1 chalcopyritc ohoi;,ring lanccolata to spindle shaped 
twinning (Etchcd V7ith saturated chromic acid). 
(X 100). 
Pig. 2 Chalcopyrite showing straiyht twin lamellae (Etched 
with saturated chromic acid) (X 100), 
Fig. 3 Pyrite (idioblastic) replacing chalcopyrite, Unreplaced 
portions of chalcopyrite in pyrite are present in both 
tho crystals. (X 50) . 
196 
PLATE V 
Pig. 1 Radial fracturo in folded pyrite (Py). 
(X 100). 
Pig. 2 Partial replacement of pyrite by marcasite, 
(X 100). 
Pig. 3 Chalcopyrite showing •tripl©-junction points' and 
occurrence of rounded pyrrhotito (Prh) at the 
Junction. (Crossed Nicols, X 100), 
PLATE VX 
Pig. 1 Mosaic of polygonal pyrrhotite ohoxring recrystalliza-
tion and •triple-junction points' with dihedral angles 
approximately 120®, (Crossed Hicolr., X 100) 
Pig. 2 Replacement of pyrrhotite (Prh) by pentandite (Pn). 
(X 100), 
Fig. 3 Exsolved cubanlte (Cub) with composite laxuellae abutt-
ing again at. chalcopyrite (Cpy). (Crossed ITicolSf X 100), 
PLATE VII 
Pig. 1 Streaks of exsolved valeriite intersecting cubanite 
lamellae in chalcopyrite. note deformation of 
cubanite along the glide plane of chalcopyrite. 
(Crossed Nicols, X 100). 
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Pig, 2 Exsolved laths of valerlite (V) in chalcopyrito (Cpy) 
showing their disposition at right angles to each 
other. (X 250# oil immersion). 
Pig. 3 Random laths of millerite (Ml) in chalcopyritc 
(Cpy) . (Crossed JSIicols, X 250, oil immersion) . 
PLATE VIII 
Pig. 1 The oub-hodral chalcocite (Co) replacing chalcopyrite 
(Cpy)• Hoto pyrrhotlte (Prh) partly replacing 
chalcopyrite (Crossed Wicols, X 250)• 
Pig. 2 Second generation of pyrite (Py II, idioaorphic) 
replacing chalcopyrite. Chalcopyrite (Cpy) replacing 
first generation of pyrite (Py Z, massive) (Btched 
v/ith satxirated chromic acid) . (X 100) . 
Pig. 3 Zoned pyrrhoti'aa. (Stchsd vrith saturated chra Ic acid) 
(Crossed Nicols, X 250, oil iiumorsion). 
PLATS IX 
Pig. 1 Polysynthetic twin lamellae of chalcopyrite shov;ing 
translation gliding. (Etched with saturated chromic 
acid). (Crossed Nicols, X 250, oil im.-nersion) . 
Pig, 2 Fractured pyrite showing the filling spaces by 
chalcopyrito (Cpy)• (X 10) . 
P L A T E I 
F i g . l ( + nic., X 1 2 5 ) F i g . 2 ( + nic. , X 1 2 5 ) 
F i g . 3 ( + nic., X 1 2 5 ) F i g . 4 ( X 6 0 ) 
PLATE II 
F i g . l ( X 6 0 ) F i g . 2 { X 6 0 ) 
F i g . 3 ( X 6 0 ) F i g . 4 { + nrc., X 6 0 ) 
PLATE III 
F i g . l ( + nic.. X 6 0 ) F i g . 2 ( + nic., X 6 0 ) 
F i g . 3 ( + nic., X 6 0 ) F i g . 4 ( + nic., X 6 0 ) 
PLATE IV 
F ig .1 { X 1 0 0 ) 
F i g . 2 ( X 1 0 0 ) 
Fig.3 ( X 5 0 ) 
PLATE V 
F ig .1 ( X 1 0 0 ) 
F i g . 2 ( X 1 0 0 ) 
F ig.3 ( + nic., X 250 ) 
P L A T E V I 
F i g . 1 { + nic., X 1 0 0 ) 
F i g . 2 ( X 1 0 0 ) ^ 
^ Fig.3 {+ nic., X 100 ) 
P L A T E VII 
F i g . 1 { + nic., X 1 0 0 ) 
F i g . 2 ( X 2 5 0 ) 
\ 
/ 
\ 
Fig.3 ( + nic., X 2 50 ) 
P L A T E V I I I 
F ig .1 ( + n i c . , X 2 5 0 ) 
F i g . 2 ( X 1 0 0 ) 
Fig.3 ( + nic., X 250 ) 
PLATE IX 
Fig.1 (+n ic . ,X 2 5 0 ) 
F ig .2 ( X 10) 
APPENDIX 
TABLE 1 
Precision and accuracy of major and minor oxides from Triplicate Analyses of U . S . Q . S . Standard BCR-1 
Weight percent I4ean of three analyses Range 
Usable values (Abbey,1973) 
SIO2 54.58 54.52 - 54.10 54.85 
Ti02 2.16 2.10 - 2.05 2.22 
12.66 13.56 - 13.69 13.68 
Pe203 3.34 3.18 - 3.60 3.48 
PeO 9.06 8.97 - 9.13 9.05 
i4gO 3.41 3.50 - 3.41 3.49 
CaO 6.97 7.00 - 7.12 6.98 
NagO 3.21 3.20 - 3.19 3.29 
K^O 1.69 1.70 - 1.71 1.68 
0.31 0.30 - 0.31 0.33 
MnO 0.18 0.18 - 0.20 0.19 
"2° 0.70 0.85 - 0.71 0.73 
TOTAL 99.27 - 99.07 
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analysis 
Det^tion limit 
Reported« Flanagan* 1973 
Average of five analyses 
Cu AA3 1 8*215 8*310 
Ni AAS 1 12*840 12,800 
Co AAS 1 540 558 
Pb AAS 1 249 258 
Zn AAS 1 294 305 
cr AAS 1 374 380 
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T A B L E 11 
Variation ranges and frequency trends o£ the major oxlde constituents (weight percent) 
Hock Type oxide No, of samples 
-soaJkys^ 
Range Average Frequency * * 
Feldspathic rock 26 
II motite schist 
fii02 
1102 
AI2O3 
Fe203 
Feo 
MgO 
Cao 
Na^O 
K^O 
Mno 
LOI* 
SIO2 
TlOj 
AI2O3 
FeO 
MgO 
CaO 
Na20 
K^O 
Mno 
LiOl* 
4 8 . 4 4 6 9 . 8 7 5 6 . 2 2 UI4, W 
0 0 . 0 4 0 0 . 6 4 0 . 3 2 m. W 
0 8 . 3 5 - 1 5 . 6 0 1 2 . 6 8 UM, M 
0 2 . 1 8 - 0 7 . 3 6 4 . 2 7 M 
0 4 . 7 8 mm 14.53 7 . 7 7 m. « 
0 1 . 2 6 - 0 6 . 6 4 3 . 5 2 UM, PI 
0 0 . 5 6 « 0 7 . 9 6 2 . 1 5 W 
0 0 . 3 5 - 0 5 . 9 0 3 . 6 0 UM, W 
0 0 . 1 4 mm 0 2 . 2 0 0 . 7 6 K 
0 0 . 0 1 0 0 . 4 1 0 . 1 7 W 
0 0 . 0 1 0 0 . 4 6 0 . 1 6 BM, W 
0 1 . 5 6 0 4 . 7 0 2 .43 UM, N 
54 .56 6 4 . 6 2 5 9 . 7 9 W 
0 0 . 3 4 - 0 0 . 5 7 0 . 4 7 W 
0 8 . 2 5 - 1 5 . 1 2 1 1 . 5 2 M 
0 2 . 4 1 0 3 . 5 1 2 . 8 9 N 
0 7 . 5 6 - 0 8 . 6 4 8 . 1 1 M 
0 5 . LA 0 9 . 2 5 7 . 0 9 N 
0 3 . 0 2 - 0 6 . 6 5 5 . 0 2 N 
0 1 . 6 9 0 2 . 8 0 2 . 0 5 N 
0 1 . 2 8 mm 0 2 . 3 2 1 . 7 6 N 
0 0 . 1 3 - 0 0 . 1 9 0 . 1 7 N 
0 0 . 0 6 - 0 0 . 2 4 0 . 1 5 W 
0 1 . 2 5 - 0 2 . 1 5 1 . 6 8 N 
(Contd.) 
Ill Chlorlte-quartz schist 15 
SlOj 59.49 - 70.48 65.86 UM, H 
TIO^ 00.02 - 00.85 0.26 BM, W 
09.10 - 15.45 12.97 UM, M 
02.10 - 04.82 3.29 UM, N 
Feo 04.09 - 08.52 6.86 UM, M 
MgO 02.67 - 07.86 4.22 UM, M 
CaO 00.85 04.75 1.41 BM^ W 
Na^O 00.03 - 01.86 1.41 BM, w 
00.10 - 01.86 0.99 UM, w 
Tr - 00.23 0.10 BM« w 
MnO 00.01 - 00.27 0.09 UM, w 
LOI* 01.32 - 03.86 2.69 UM, N 
BiotlteMjuarts schist (Mylonlte) 5 
SIO2 50.64 - 59.81 55.64 M 
Ti02 00.36 - 00.82 0.57 W 
AI2O3 10.25 - 13.45 11.63 N 
02.43 •m 03.15 2.76 N 
Feo 08.40 13.72 12.78 M 
MgO 04.93 - 06.72 5.78 N 
CaO 04.28 - 07.23 6.02 N 
01.52 - 02.38 1.93 N 
KjjO 00.35 - 01.29 0.76 M 
P2O5 00. ^4 00.21 0.14 W 
MnO 00.08 - 00.19 0.14 W 
LOI* 01.68 - 02.98 2.18 N 
(Contd.) 
V Chlorlte-Blotlte •chlst 
SiOj 56.52 - 66.79 61.03 M 
Ti02 00.30 - 00.67 0.52 W 
AI2O3 13.11 - 15.62 14.32 N 
02.18 04.64 3.10 N 
Feo 05.42 - 10.51 7.45 M 
MgO 04.42 - 06.28 5.25 17 
Cao 02.05 - 03.12 2.79 K 
Na^O 00.20 - 03.40 1.95 W 
00.30 - 01.85 0.93 W 
00.07 - 00.19 0.13 W 
Mno 00.14 - 00.28 0.19 M 
hox* 01,25 - 02.85 2.06 H • 
Volcanic 8 15 
SiOg 50.53 • 55.31 52.84 BM, N 
Ti02 00.76 - 01.67 0.97 UM, W 
AI2O3 08.49 - 15.64 12.00 an. M 
FejjOj 02.00 - 03.03 2.58 m. N 
Feo 08.02 13.24 11.21 UM, N 
MgO 05.12 - 09.02 6.87 UM, N 
CaO 07.25 - 10.87 9.17 UM, M 
02.00 - 04.38 2.72 UM* N 
K^O 00.18 - 01.08 0.35 m. M 
P2O5 00.11 - 00.20 0.14 m. M 
Mno 00.13 - 00.30 0.22 BM^ W 
LOI* 01.16 01.65 1.38 BM, N 
• LOI » Loss of ignition 
Frequency - Narrow (N) - less than Moderate (M) >lo Wide (W) - <11 - > 20 Unimodal-(UM) Biimodal .(BM) 
Table 12 - Major oxides and oxide ratios of the feldspathlc 
rocH (host rock) o£ southeastern sector. 
(weight SC-l &-33 S.66 S~45A S-45B B-8 B«.9 percent) 
S102 66,78 60.76 62.82 66.98 63.81 68.57 67.69 
TIO2 0.40 0.60 0.57 0.36 0.58 0.35 0.13 
AI2O3 11.46 15.60 12.85 11.67 11.75 11.43 13.42 
4.80 4,03 2.18 3.25 4.65 3.42 4.59 
Feo 6.38 7.32 4.33 5.42 7.00 6.21 6.16 
Mgo 1.49 3.84 2.20 2.92 3.85 2.50 1.96 
CaO 1.45 0.56 7.96 1.62 1.46 1.29 0.82 
^20 3.25 4.45 3.75 5.24 2.92 4.01 2.87 
2.20 0.52 0.10 1.36 1.40 0.16 0.25 
5 0.17 0.19 0.11 0.09 0.18 0.05 0.09 Mno 0.25 0.22 0.28 0.23 0.31 0.19 0.13 
LOI 1.56 2.45 1.58 1.75 2.19 1.86 2.24 
lotal 100.19 100.54 98.74 100.89 100.10 100.04 100.35 
Oxide ratios 
SIO2/AI2O3 5.83 3.90 4.£9 5.74 5.43 5.99 5.04 
Fe^Oj/Peo 0.75 0.55 0.50 0.59 0.66 0.b5 0.75 
Na20A20 1.48 8.56 37.50 7.43 2.08 25.06 11.48 
Mg0/^a20+K20 0.27 0.77 0.57 0.44 0.89 0.59 0.62 
Feo/wgo 4.28 1.90 1.97 1.86 1.82 2.48 3.14 
(Contd.) 
Table 12 (Contd.) 
Sanple 
(weight 
oercent) 
B-.10 B-11 B.12 B-13 M-.14 M-15 M-16 
SiOg 68.87 68.41 69.64 65.74 64.85 67.37 63.53 
110 2 
AI2O3 
0.26 0.20 0.26 0.28 0.56 0.64 0.34 
11.86 12.34 8.35 11.89 11.64 12.82 14.69 
peo 
3.21 4. 54 3.65 3.82 3.73 3.09 3.89 
4.63 6.06 5.94 8.66 7.96 5.56 4.78 
MgO 2.94 4.13 2.25 3.01 2.84 2.3& 1.26 
Cao 1.56 1.12 2.89 1.28 1.82 1.69 3.19 
Ka^ O 4.18 0.35 3.95 2.59 3.69 1.82 3.17 
K2O 1,15 0.23 0.78 0.67 0.89 0.53 0.89 
P^ Os 0.12 0.23 0.03 0.38 0.19 0.17 0.35 
Mno 0.38 0.30 0.19 0.02 0.05 0.38 0.46 
LOZ 1.85 2.09 2.46 2.05 1.88 2.08 3.15 
Total 101.03 100.02 100.39 100.59 100.10 98.53 99,91 
Oxide ratios 
SIO/AI2O3 5.80 5.24 8.34 5.52 5.57 5.25 4.32 
pejOj/Feo 0.69 0.75 0.61 0.43 0.47 0.55 0.81 
3.63 1.40 5.06 3.87 4.15 3.43 3.56 
MgO/Na^O+KgO 0.55 6.88 0.46 1.08 0.62 1.01 0.31 
FeO/MgO 1.57 1.47 2.64 2.94 2.80 2.24 3.79 
(Contd.) 
Table 12 (Contd.) 
Sanple (weight percent) 232 234 
235 2313 246 247 252 
Si02 64. 20 60 .02 58. 75 60. 69 59, ,35 57. .65 60. 77 
Ti02 0. ,36 0 .05 0. 15 0. 18 0, .18 0, ,04 0. ,32 
AI2O3 11, .56 12 .80 12. 28 11. 75 11, .89 11, ,45 12, .25 
2, .58 4 .10 4. 41 3. 43 4. .91 5, .18 4. .36 
FeO 6. ,14 8 .25 9. 13 8, 85 9, .32 7, ,46 9, ,26 
MgO 4, .47 3 .60 5. 85 3, 21 4, ,65 5, .89 4, .21 
CaO 1, .57 1 .23 2. 21 2. 37 3, .17 3. .67 1, ,35 
Na^O 3. .80 5 .90 3. 96 4. 95 3. .64 5, .01 .62 
K2O 0. .17 0 .50 0. 14 1. 02 1. .24 1, .26 0. .75 
0. .11 0 .07 0. 15 0. 01 0, ,03 0, .08 0. .12 
MnO 0. .08 0 .22 0. 05 0. 18 0 .01 0, ,02 0 , .08 
LOI 4, .70 2 .10 2. 40 3, 15 2 .20 2 .38 2, .71 
Total 99, .74 98 ,84 100. 48 99. 79 100 .58 100. .09 100, .80 
Oxiae ratio 
Fe^Oj/FeO 
Mg0/Na2OK20 
FeO/MgO 
5.55 4.69 4.42 5.16 4.99 5.03 4.96 
0.42 0.49 0.48 0.39 0.52 0.69 0,47 
22.35 11.80 28.28 4.85 0.34 3.98 6.16 
1.14 0.60 0.95 0.48 0.95 0.68 0.78 
1.37 2.29 1.56 2.76 2.00 1.26 2.20 
(Contd.) 
stable 12 (Contd.) 
Sarrple (weight 254 256 2616 2614 2611 Max. Average perccnt) 
SlOg 55.62 58.29 54.21 48.44 99.69 48.44 69 .64 6 2 . 4 4 
TlOg 0 . 4 2 0 . 5 9 0 .48 o.oe 0 . 5 0 0 . 0 4 0.64 0 . 3 4 
8 , 46 12.42 10.10 12.44 12.68 8 . 3 5 15 .60 12.03 
Fej^Oj 7 .36 4 .09 7 ,18 7.33 3 .37 2.IB 7 .37 4 . 2 7 
F€0 12.26 7.89 12.57 14.53 8 . 8 1 4 .78 14.53 7 . 7 3 
4 .68 6 . 6 4 2.67 4 . 34 3.58 1.26 6 . 6 4 3 . 5 2 
CaO 1 . 9 2 2.76 2.47 3 .36 1 .23 0 . 5 6 7 .96 2 .15 
fiajjO 4.87 3 .75 4 . 5 5 5 .25 4.70 0 . 3 5 5.90 3 . 6 9 
Kj^ O i . o a 0 . 8 5 0 . 3 3 1.04 0 . 3 5 0 . 1 4 2.20 0.76 
6.41 0 . 3 2 0 . 3 0 0 .16 0 . 3 2 0 . 0 1 0.41 0 . 1 7 
Mno 0 . 0 1 0 . 0 1 0.08 0.06 0 . 0 2 0.01 0.46 0.16 
I4OI 1 .94 1.9S 4 .34 3.01 4 . 1 6 1.56 4 . 7 0 2.47 
lot»»l 99 .17 99.59 39 .28 100.04 99.41 tm -
Oxl<le ratios 
6 .57 4 .69 5.36 3.B9 4,70 3.90 8.34 5.26 
FegOyieO 0 . 6 0 0 . 5 2 0 .57 0 . 5 0 0.38 0.38 0.81 0.56 
Na^ O/i^ g® 4.77 4.41 13.79 5 .05 13.43 1,40 37.40 9 .17 
MgO/Wa^Oi'K^O 0 . 7 2 0 .57 0 . 5 5 0 .53 0 . 7 0 0 .27 6.88 0.91 
FeO/J4gO 2.51 1.19 4 .71 3 . 35 2.46 1 .37 4 . 71 2 .40 
LtOl m Loss c:± ignition. CContd.) 
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INDEX OF S/U-IPLE LOCATIOWS FOR THE FIGURES 7 and 28 
Nearer to the lode Away from the lode 
Sample Nos* 
SC - 1 S S S B 
B B 
- 33 - 45A - 45B - 9 B - 10 
- 1 1 
- 12 
Sample Nos, 
S - 66 B - 8 B - 13 M - 14 M - 15 14,16 
Nearest to the lode 
sample nos. Distance from the lode 
232 234 235 2313 246 247 252 254 256 
2616 2614 2611 
3.94 m 2.44 m 1.50 ra 1.20 m 0.91 ra 3.66 m 2.13 m 0.60 m 0.30 m 4.57 ra 1.83 m 0.60 m 
TABLE 13 
Average chemical compositions and oxide ratios of £elds~ pathic rock con^ arect with other granites, basalts and pelitic rocks the world 
Weight oerce nt A B C D E P O 
SiOg 62.44 64.93 67.20 74.26 72.08 51.32 61.54 
Tio^ 0.34 0.52 0.56 0.20 0.37 1.49 0.82 
12.03 14.63 13.60 15.11 13.86 18.04 16.95 
4.27 1.36 •M - 0.86 3.40 2.56 
Feo 7.73 2.75 4.23* 2.03* 1.67 5.70 3.90 
MgO 3.52 2.24 1.55 0.26 0.52 6.01 2.52 
CaO 2.15 4.12 3.53 0.71 1.33 10.07 1.76 
Na20 3.89 3.46 3.82 3.47 3.08 2.76 1.84 
K^O 0.76 3.10 3.03 5.05 5.46 0.28 3.45 
0.17 0.15 0.21 0.17 0.18 0.16 -
Mno 0.16 0.06 0.06 0.05 0.06 0,16 •w 
LOZ 2.47 0.79 - - 0.53 0.46 3.47 
0Jd.do Ratios 
^lO^fi^^^ 5.26 
Fe203/Fe0 0.56 
Na OAoO 
4.44 
0.49 
1.12 
4.94 
1.26 
4.91 
0.69 
5.20 
0.51 
0.56 
3,01 
0.60 
9.86 
3.63 
0.66 
0.53 
Mg0/K„0^ Na^O ^ 0.91 0.34 0.22 0.03 0.06 1.98 0.48 
FeO/MgO 2.40 1.23 2.73 7.81 3.21 0.95 1.20 
A - Average teldspathic rock (present work). 
B - Average statistically weighted igneous rocks from Canadian Precambrian shield (j^aw et al.« 1967). 
C - Average Mgh calcium granite (lurekian ana Wedepc^il,1961)» 
D - Average loi'/ calcium granite (Turekian and V4edepohl,1961), 
£ - Average granite (Mockolds, 1954). 
F - Average basalt (Nockolds, 1954). 
G - Average pelitic rocks (Sliow, 1956). 
* - Total iron Fe as Feoi 
LOI- Loss of ignition. 

TABLE 15 
Hajor oxides, oxide ratios and their variations In the host rocks 
Weight percent Away £rom the lode 
Hearer Nearest to tho to the lode lode 
Weight percent 
Away £roin 
the 
lode 
Nearer to the lode 
Nearest to the lode 
SIO2 65.48 66.61 58.14 SIO2 66.51 67.48 63.22 
TIO2 0.46 0.35 0.28 T1O2 0.12 0.24 0.38 
AI2O3 12.55 12.06 11.76 15.36 11.69 13.06 
Pe203 3.35 4.09 4.86 2.99 3.29 3.48 
FeO 5.24 6.11 9.54 Feo 6.37 7.43 6.35 
MgO 2.36 2.92 5.04 MgO 3.07 3.49 5.93 
Cao 2.87 1.43 2.27 Cao 1.10 1.04 2.12 
Na20 3.17 3.90 4.58 Na20 1.29 1.46 1.41 
0.54 0.99 0.64 K2O 1.38 1.09 0.62 
0.21 0.X4 0.17 0.17 0.12 0.03 
Hno 0.23 0.25 0.07 Mno 0.25 0.06 0.03 
LOZ 2.07 a.o7 3.51 
Ratios 
LOI 2.11 2.69 3.02 
5.26 5.66 5.00 SID 2/^20^4.32 5.82 5.01 
Fe^O^Vec 1 0.55 0.74 0.50 FCgOj/FeO 0.47 0.44 0.55 
Feo/Mgo 2.70 2.33 2.30 Feo/Mgo 2.22 2.34 1.08 
X2.93 5.14 9.93 1.13 0.86 0.70 
MgO/ 
Na2a»'K20 0.7o 1.36 0.72 
LOI - Loss of ignition. 
Table 16 - The major oxide constituents of biotite schist, southeastern sector. 
Senile (iieight percent) B»1 B-2 a.3 B,.4 Mln. Max, Average 
SiOj 54,56 59.81 60,16 64.62 54.56 64,62 59,79 
TIO2 0.57 0,42 0,59 0.34 0,34 0,57 0,47 
AI2O3 15,12 11.94 10,76 8.25 8.25 15,12 11,52 
3,51 3,21 2,42 2.41 2.41 3,51 3.89 
Feo 8.64 7,56 8,24 6.02 7,56 8,64 8.11 
Mgo 9.25 6,34 7,65 5.13 5.13 9,25 7.09 
Cao 3,02 5,29 5,12 6.65 3,02 6,65 5,02 
m^o 2.80 1,82 1,90 1,69 1.69 2,80 2.05 
K^O 1.57 1,86 2,32 1,28 1.28 2,32 1.76 
P2O5 0.19 0,18 0.21 0,13 0.13 0.19 0.17 
Mno 0.24 0.06 0.24 0.08 0,06 0.24 0.15 
LO^ 1.25 1,54 1.78 2,15 1,25 2.15 1.68 
Total 100.72 100.03 101,39 100,75 - - -
LOZ a* iioss o£ Ignition. 
TABLE 17 
CcsmparJLson o£ major oxide® o£ biotite schist and chlorite-biotlte schist with Ohanjori voXcanics and other basaltic rocks 
Height Per cent A B C D 1 £ 
Si02 59. 79 61. ,03 52. 84 51. 32 49. .22 
Ti02 0. 47 0. 64 00. 97 1. 49 2. ,30 
11, 52 14, .32 12. 00 18. 04 11, .74 
Fe^Os 2. 89 3. 10 2. 58 3. 40 -
Feo 8. 11 7, ,45 11. 21 5. 70 11, .12* 
MgO 7. 09 5, .25 6, 87 6. 01 7. .62 
Cao 5. 02 2, .79 9. 17 10. 07 10. .63 
Na^O 2. 05 1. .95 2. 72 2. 76 2, .42 
K^O 1. 76 0. ,93 0. 35 0, 28 0, ,99 
0. 17 0< .13 0. 14 0. 16 0. .25 
MnO 0. 15 0. .19 0. 22 0. 16 0, .19 
LOZ 1, 68 2. .06 1. 36 0. ,45 
LOI - Loss of Ignition, 
* - Total iron Fe as Feo. 
A - Average biotite schist (SouthodStern Sector, ^ r^esent work). 
B - Averaye chlorite-biotite schist (Central Sector, 
Present work). 
C - Average Ohanjori volcanics (Present work). 
D ~ /ivercige basalt (Nockolds, 1954). 
£ ~ Average basalt (llirekian and Wedepbhl, 1961). 
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INDEX OP SAMPLE LOCATIONS FOR TiFE FIGURES 8 and 29 
Nearer to the lode Away from the lode 
Sample Uos. Sample Nos. 
RT 
RT 
RT 
RT 
RT 
RT 
RT 
1 
2 
3 
4 
5 
6 
7 
RT - 8 
RT - 9 
RT - 10 
Nearest to the lode 
Sample HOS. Distance from the lode 
U1 
UT 
UT 
UT 
UT 
19 
16 
14 
10 
6 
1,52 m 
0.50 m 
0.91 ra 
0.60 m 
0.30 m 
TABLE 19 
Average major oxide (weight percent) and oxide ratios o£ the rocHs o£ central sector compared with other peXitlc and basaltic rocks 
A B C O E P 
SiOj 65.86 61.03 55.64 61.54 49.22 31.32 
TiOg 0.26 0.64 0.57 0.82 2.30 1.49 
12.97 14.32 11.63 16.95 11.74 18.04 
Total iron 10.15* 10.55* 15.54* 6.46* 11.12** 8.07*^ 
MgO 4.22 5.25 5.78 2.52 7.62 6.01 
CaO 1.41 2.79 6.02 1.76 10.63 10.07 
NagO 0.99 1.95 1.93 1.84 2.42 2.76 
1.41 0.93 0.76 3.45 0.99 0.28 
0.10 0.13 0.14 - 0.25 0.16 
MnO 0.09 0.19 0.14 - 0.19 0.16 
oxide ratios 
SiOj/AlgOg 5.25 4.26 4.78 3.63 4.19 3.01 
FeO/MgO 1.90 1.95 2.64 1.20 1.50 1.12 
KjO/NagO 0.84 0.47 0.39 1.87 0.41 0.06 
* Total Iron as Fe^Oj • PeO 
Total iron as Fe as Feo 
A - Average chlorite-^uartz schist (host rock) ) B - Average chlorite-biotite schist ) C - Average biotite~quartz schist ) 
D - Average pelltic rocks (shaw# 1956). E ~ Average basalt (Turekian and Hedepohl« 1961). F - Average basalt (Nockolds^ 1954). 
piresent work. 
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Table 22 - The major oxide constituents o£ biotite-quartz sclilst (Mylonite)« Central sector. 
San^Ie (weight oercenti M..I n.2 M..3 M.4 
H.5 Hin. Max. Average 
SiOj 50.64 56.28 S4.21 59.81 57.26 50.64 59.81 55.64 
TiOg 0.56 0.69 0.82 0.43 0.36 0.36 0.82 0.57 
13.45 U.28 12.39 10.25 10.76 10. 25 13.45 11.63 
2.92 2.64 2.43 3.15 2.67 2.43 3.15 2.76 
Feo 16.23 13.72 11.84 8.40 13.70 8.40 16.23 12.78 
MgO 5.68 6.76 4.93 6.21 5.32 4.93 6.76 5.78 
Cao 4.66 4.32 8.34 7.23 5.36 4.32 8.34 6.02 
Na20 2.33 1.52 2.10 1.83 1.80 1.52 2.38 1.93 
K^O X.02 0.35 1.29 0.78 0.35 0.35 1.29 0.76 
PjPS O.lO 0.21 0.16 0.18 0.04 0.04 0.21 0.14 
Mno 0.12 0.14 0.19 0.08 0.17 0.08 0.19 0.14 
LOX 2.98 1.93 1.68 2.45 1.84 1.68 2.98 2.18 
Total 100.94 99.84 100.38 100.80 99.63 
^01 « Loss of Ignition. 
T A B L E 23 
Major oxldiea, oxide ratios and normative car5)osltlon of Dhan^orl volcanlcs 
saropie No. wt.percent Southeastern sector El4 -EIT 
SIO2 
TIO2 
Peo 
MgO 
Cao 
Na^O 
K^O 
Mno 
LOI 
51.46 
0.78 
10.82 
2.56 
13.24 
6.02 
7.25 
4.38 
1.08 
0.12 
0.12 
1.25 
53.08 
0.96 
11.04 
3.01 
12.85 
8.80 
8.13 
3.02 
0.28 
0.11 
0.17 
1.49 
54.65 
0.98 
9.18 
2.69 
11.05 
9.02 
8.76 
2.97 
0.25 
0.16 
0.20 
1.52 
52.12 
0.86 
14.65 
2.46 
10.05 
7.13 
9.45 
2.05 
0.31 
0.15 
0.23 
1.24 
55.31 
1.47 
8.49 
3.03 
13.24 
5.12 
10.09 
2.22 
0.20 
0.16 
0.24 
1.34 
Feo /MgO 2.36 
FegOg/FeO 0.19 
oxide ratios 
1.62 1.37 1.58 
0.23 0.24 0.24 
C.l.p.w. worms 
2.86 
0.23 
u 0.0 4.98 or 6.11 1.67 Ab 37.20 25.67 An 6,67 15.56 Ne 0.00 0.00 D1 24.74 19.96 Hy 00.71 23.74 01 16.43 0.00 Mt 3.71 4.40 11 1.52 1.82 Ap 0.34 0.34 
LOI - Loss of Ignition 
Feo* - (Feo • Fe 2°3 * ° 
50.53 
1.67 
14.70 
2.45 
10.38 
5.90 
10.20 
2.82 
0.35 
0.11 
0.20 
1.50 
Total 99.08 99.94 101.68 100.60 100.91 100.81 
1.96 
0.24 
3.72 5.04 11.64 1.00 1.67 1.67 1.11 2.22 25.15 17.29 18.86 23.58 10.84 30.02 12.51 26.41 0.00 0.00 0.00 0.00 25.93 13.22 30.81 19.54 26.15 26.74 17,09 19.72 0.00 0.00 0.00 0.00 3.94 0.48 4.40 3.48 1.82 1.67 2.73 3.19 0.33 0.33 0.34 0.34 
(Contd.) 
Table 23 (Contd.) 
Sanple No. Southeaetem Sector Central Sector wt,percent E - 9 E«lo M-ll fe-lJ fe-iS 
SiOg 5 3 . 6 7 5 4 . 8 9 5 1 . 5 2 5 1 . 5 0 5 3 . 5 5 5 4 . 0 0 
TIO2 0 , 8 2 0 . 9 6 0 . 9 6 0 . 9 8 0 . 8 9 0 . 9 0 
AI2O3 1 5 . 6 4 9 . 1 2 1 4 . 5 5 1 1 . 0 0 1 0 . 0 0 1 1 . 8 2 
Fe203 2 . 0 8 2 . 9 6 2 . 3 2 2 . 8 0 2 . 5 5 2 . 8 0 
Feo 8 . 0 2 1 2 . 2 2 9 . 9 9 1 2 . 8 0 1 1 . 5 2 1 1 . 8 9 
MgO 6 . 8 1 6 . 0 5 7 . 8 0 6 . 0 0 8 . 9 9 6 . 0 0 
CaO 9 . 0 8 1 0 . 8 7 9 . 5 7 7 . 4 5 9 . 0 0 8 . 1 5 
NagO 2 . 8 3 2 . 0 2 2 . 0 0 4 . 0 0 2 . 0 5 3 . 0 1 
K^O 0 . 1 8 0 . 2 0 0 . 3 0 0 . 9 0 0 . 2 6 0 . 2 5 
0 . 1 5 0 . 1 5 0 . 1 4 0 . 1 0 0 . 1 1 0 . 1 2 
Mno 0 . 2 8 0 . 2 2 0 . 2 2 0 . 1 3 0 . 3 0 0 . 1 5 
LOZ 1 . 1 6 1 . 2 5 1 . 5 0 1 . 6 5 1 . 4 5 1 . 5 0 
Total 1 0 0 . 5 2 1 0 0 . 9 3 1 0 0 . 8 7 9 9 . 2 1 1 0 0 . 6 7 1 0 0 . 2 9 
oxide ratios 
i'eoVMsro 1 . 3 3 2 . 2 5 1 . 4 2 2 . 3 4 1 . 4 0 2 . 2 0 
Fe20^3FeO 0 . 2 6 0 . 2 4 0 . 2 3 0 . 2 2 0 . 2 2 0 . 2 3 
Q 2 . 6 4 1 0 . 3 2 3 . 7 8 0 . 0 0 1 1 . 1 0 6 . 0 6 or 1 . 1 1 1»11 1 . 6 6 5 . 0 0 1 . 6 6 1 . 6 7 Ab 2 4 . 1 0 1 6 . 7 6 1 6 . 7 6 3 3 . 5 3 1 7 . 2 9 2 5 . 1 5 An 2 9 . 1 6 1 5 . 2 9 3 0 . 0 2 9 . 7 3 1 7 . 2 3 1 7 . 2 3 
Ne 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
D1 1 2 . 2 0 3 1 . 4 8 1 3 . 6 6 2 2 . 0 3 2 1 . 9 4 1 8 . 5 2 
Hy 2 5 . 7 0 1 8 . 1 3 2 7 . 9 7 1 3 . 1 9 2 9 . 8 6 2 4 . 1 2 
0 1 0 . 0 0 0 . 0 0 0 . 0 0 7 . 5 6 0 . 0 0 0 . 0 0 r4t 3 . 0 1 4 . 4 0 3 . 2 6 2 . 7 0 3 . 7 1 3 . 9 4 
11 1 . 5 2 1 . 8 2 1 . 8 2 1 . 8 2 1 . 6 7 1 . 3 2 Ap 0 . 3 3 0 . 3 3 0 . 3 4 0 . 3 3 0 . 3 3 0 . 3 3 
(Contd.) 
Table 23 (Contd.) 
SeSaple No« Wt.percent 
Central Sector 
•e=I3—W i n—grir Mln. Max. Average 
SiOg S3.56 52.20 50.50 50.53 55.31 52.84 
T102 0.76 0.77 0.85 0.76 1.67 0.97 
A1203 15,25 9.50 14.50 8.49 15.64 12.00 
2.00 2.55 2.56 2.00 3.03 2.58 
Feo 8.57 12.46 9.89 8.02 U.24 11.21 
MgO 7.02 5.87 6.50 5.12 9.02 6.87 
Cao 8.99 10.50 10.05 7.25 10.87 9.17 
Na^O 2.53 2.25 2.69 2.00 4.38 2.72 
0.19 0.21 0.26 0.18 1.08 0.35 
0.19 0.15 0.20 0.11 0.20 0.14 
MnO 0.30 0.23 ^.30 0.13 0.30 0.22 
LOX 1.16 1.50 1.35 1.16 1.65 1.38 
Total 100.52 98.19 99.65 - - -
oxide ratios 
Feu /MgO 1.35 2.30 1.72 1.33 2.86 2.15 
Fe^Oj/FeO 0.23 0.20 0.26 0.19 0.26 0^23 
Q 5.70 11.46 1.00 0.00 11.64 5.23 or 1.11 1.11 1.67 1.11 6.11 2.02 Ab 21.48 18.86 22.53 16.76 37.20 22.95 An 29.46 15.29 26.68 6.67 30.02 19.47 Ne 0.00 0.00 0.00 0.00 0.00 0.00 Oi 11.61 29.97 18.33 11.61 30.81 20.93 Hy 25.25 19.92 22.45 0.71 29.86 21.35 01 0.00 0.00 0.00 0.00 16.43 1.60 Mt 2.78 3.71 3.71 3.01 4.40 3.44 11 1.36 1.52 1.52 1-32 1.82 1.80 Ap 0.33 0.33 0.33 0.33 0.34 0.33 

TABLE 25 
Average ch&aXcal, normative ccxiposltlon and the oxide ratios of Ohanjori VoXcanJLcs con^ared with other Basaltic provinces 
weight A B C D pcrcent 
SIO2 52.84 51.32 49.62 49.34 
TIO2 0,97 1.10 1.44 1.49 
AI2O3 12.00 18.04 16.13 17,04 
2.59 3.40 2.14 1.99 
P©0 11,21 5.70 7.69 6.82 
MgO 6.69 6.01 7.78 7.19 
Cao 9.17 10.07 11.34 11.17 
Na^O 2.72 2.76 2.75 2.70 
0.35 0.28 0.20 0.16 
00.14 0.16 0.14 0.16 
Mno 0.22 0.16 0.17 0.17 
1.01 1.38 0.45 - 1.27 
oxide ratios 
Feo /MgO 2.15 1.36 1.15 I.IO 
Fe^Oj/FeO 0.23 0.59 0.26 0.29 
C.I.P.W. Norms 
Q 5.23 2.20 » or 2.02 5.00 0.56 Ab 22.95 23.60 23,06 An 19.47 33.90 — 33.92 Ne 0.00 > -D1 ^.93 27.50 18.84 Hy 21.3S — 13.00 01 1.60 «M» 8.44 Mt 3.44 4.90 2.74 n 1.80 2.10 2.74 0.33 0.30 0.36 
A •> Average Dhanjorl volcanlcs (present work). B - Average basalt (Hockolds^ 1954), 
C - Average oceanic tholellte (Kelson et al.^ 1966| 
Cann, 1971 and Hart et al», 1972). 
D - Average oceanic tholellte (Engel et al,, 1965), 
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TABLE 28 
Trace element ccinpo8iti.on and element ratios o£ biotite echiet. Southeastern Sector 
San^le 
(ppm > ®2 ®3 Mln Max Average 
Cu 40 55 38 46 38 55 45 
Pb 38 30 24 28 24 38 30 
Zn 46 42 58 60 42 60 52 
Co 85 78 67 72 67 85 75 
Ni 250 180 210 590 180 590 307 
Cr 75 80 83 96 75 96 83 
Rb 130 120 84 92 84 130 106 
Sr 45 52 36 48 36 52 45 
Nl/Go 2.94 2,31 3.13 8,19 2.31 8.19 4.14 
Cr/Ni 0.30 0.44 0,39 0.16 0.16 0.44 0.32 
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TABLE 34 
Average trace element CON^SIT ION Q£ the Ohanjorl Volcanica ccxnpared with the other Basaltic Provinces 
Sai^le 
<PP») A B C O £ 
Cu 70 87 127 141 123 
Ni 162 123 85 77 90 
Pb 174 - - «H> 
Zn 69 - - -
Cr 294 296 162 153 168 
Co 82 - 39 38 40 
Rb 48 1 30 33 39 
Sir 90 123 450 471 544 
Cr/Ni 1.8& 2.40 1.90 1.98 1#87 
A - Average Dhanjorl volcanics (present work). 
B - Average oceanic tholeiites (Cann, 1971; Hart et al,, 1972 arid Kelson et al.« 1968i. 
C - Average tholeiites ) 
D « Average quarta-normative tholeiites j (prinz, 1967). 
£ - Average basalts ) 
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Table 39 - Minor and trace elements (ppm values) in chalcopyrite* pyrrhotlte and pyrlte from the copper doposlt o£ north Badla sectlcm (Mosaboni mines). 
mineral ^ ^ 
Sanqple 
No. Co Hi Mn 
f^Uo 
Chalcopyrite 23rd 1 310 590 113 270 0.52 
2 360 610 115 275 0.59 
3 520 978 85 180 0.53 
4 350 560 108 130 0.62 
24th 1 505 730 105 280 0.69 
2 350 610 110 250 0.57 
3 540 850 95 270 0.63 
4 410 870 90 145 0.47 
2&th 1 425 590 106 270 0.72 
2 430 580 125 345 0.74 
3 360 570 105 310 0.65 
4 375 550 115 350 0.68 
26th 1 470 780 110 280 0.60 
2 390 660 125 360 0.59 
3 430 685 115 326 0.62 
4 345 580 108 340 0.60 
Average 410 638 108 273 0.61 
Pyrrhotite 23rd 1 480 760 110 28 0.63 
2 410 620 120 25 0.66 
24th 1 580 690 90 25 0.84 
2 460 740 100 42 0.62 
25th 1 600 720 120 30 0.83 
2 360 680 130 34 0.53 
26 th 1 308 730 105 26 0.42 
2 4S0 690 96 23 0.65 
Average 456 703 108 29 0.65 
(Contd.) 
Table 39 - (Contd.) 
Name of mineral Level Sannple No. Co HI Nn T1 Ratio CSTlff 
pyrlte 23d 1 1280 300 120 216 4.26 
2 1250 310 115 225 4.03 
1150 280 110 218 4.11 
24th 1 1350 315 125 210 4.28 
2 1270 280 120 208 4.53 
3 1320 295 90 215 4.47 
25th 1 1105 280 110 205 3.95 
2 1080 270 120 225 4.00 
3 1120 350 115 210 3.20 
26th 1 1350 280 105 220 4.82 
2 1380 325 85 210 4.24 
3 1250 320 100 226 3.90 
Average 1242 300 109 215 4.15 
Table 40 ••Hlnoc an^ trace element (ppn values) In chalcopyrite* pyrrhotite and pyrlte £rcm the copper a^poeit of RalOia-Tamspahar eectlon (R4richa mine). 
ehalccpyrite 3rd 1 285 650 80 185 0.33 
2 340 820 88 200 0.41 
3 210 450 120 380 0.47 
4 360 620 115 275. 0.58 
5 410 880 90 155 0.46 
6 285 520 104 180 0.54 
7 280 450 110 188 0.62 
8 350 680 98 230 0.51 
9 200 550 108 275 0.36 
Average 302 646 101 229 0.47 
pyrrhotite 1 46o 8So 125 27 0.54 
2 430 740 118 23 0.58 
3 360 680 110 25 0.52 
4 510 820 136 34 0.62 
Average 440 772 122 27 0.56 
PyrJLte 1 1310 225 115 230 5.82 
2 1200 305 105 210 3.93 
3 1340 250 125 220 5.36 
4 1280 310 110 300 4.12 
5 1250 300 120 207 4.16 
6 1320 315 114 285 4.19 
Average 1283 284 114 242 4.60 
